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*TOTALLY-ENCLOSED 2111." a ror nase 
EXPLOSION-PROOF | PUMP MOTORS, 
U. S. MOTO RS ...are offered in a wide range of sizes, horsepowers, speeds... 


for a multitude of applications. They are offered with and without internal gearing and/or variable speed 
drives. Like all U.S. Motors, they are quality built with long-life features such as asbestos-protected 
windings, normalized castings—and in the grease lubricated models, Lubriflush transverse lubrication. 
Totally-Enclosed models are intended for use in atmospheres and locations where dirt, rain, oil drippings, 
acids, alkali, erosive dusts, and similar adverse factors make it desirable to prevent eutside air from 
passing through the motor. Available 14 to 150 H.P. Explosion-Proof motors in corresponding models 





are offered for highly hazardous locations in which explosive fumes or dusts are present. These motors 
carry the Underwriters’ Label for Class I Group D, and Class II Groups F and G. Bulletins on the 


above motors are available. Write to... 


U.S. ELECTRICAL MOTORS INC. 


P. O. Box 2058, Los Angeles, California or Milford, Connecticut 
Circle 401 on Page 19 


MOTOR USER'S. CASE HISTORY 


"We've used 
BODINE MOTORS 
for 38 years!”’ 


.. HEDMAN COMPANY 





my “Yes, we started using Bodine Motors about the time John 





Barrymore was breaking records on Broadway with 101 per- 

formances of Hamlet. That was in 1922 . . and we’ve been using 
Bodine Motors ever since. Why? Because we need motors that are small in 
size, sturdily constructed, long lasting, trouble free, and quiet. And they 
have to supply the necessary high torque needed. Over the years we have 
found that Bodine Motors have consistently met these requirements. And, 
there’s another important thing in favor of Bodine: Their engineering staff 
has always been extremely important in helping us with our motor problems.” 


.. C. W. Johnson, vice-president, Hedman Company 


Here’s Hedman’s latest application 
of a Bodine Motor! 


This is a Keypunch Protector. It 
consists of a Hedman Royal Key- 
board Check Protector with a 
built-in IBM code key punch 
mechanism. As shown in the 
photo to the right, it automati- 
cally punches the correct amount 
into tab card checks, receipts, 
and register copies at the same 
time it imprints the amount. 
Hedman engineers selected the 
Bodine type VCF-12 motor be- 
cause they need a small, quiet 
motor that will last a long time 
and give trouble-free service. 


Bulletin tells story of late model business machine motor. 


Here's the story of Bodine's latest model business ma- fractional Ls ind Ash ransiil 
chine motor. . the FSE-23. It's only 2%” high . . weighs —. dint, ied 
only 1 pound 1] ounces..and delivers plenty of power. . 

It fits into minimum space because it's rectangular in . 3 (i. ) hw oS 
shape. Ask for your copy of Technical Bulletin #1034. M f 


Bodine Mectric Company, 2508 West Bradley Place, 
Chicago 18, Illinois. 
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SIMPLIFIES GROUNDING SHIELDED CABLE 


2 


easy 
steps— 
FAST, 
RELIABLE, 
LOW-COST 


1- piece, ~—— ‘ INNER SUPPORT MEMBER 





pre-insulated 


tap connector 


INTEGRAL NYLON SLEEVE 
an't slip, extends beyond both end 


ferr 


INSERT braid and tap wire CRIMP with the Burndy Hytool 


UNIRING connections are...mechanically stable and reliable: a single crimp 
completes a uniform, vibration-resistant, insulated connection —controlled by 
full-cycling color-coded tooling—no heat or burnt cable...electrically stable: 
low resistance, noise-free...space saving: only a few mils larger than cable 
diameter. For more details, call or write OMATON Division. 


Meets performance of MIL-F-21608 (AER) and is manu ‘actured in accordance with drawing MS 25312 (AER). 


| UJ i= | a i > %y 59-22 


Norwalk, Connect. in Europe: Antwerp, Belgium Toronto, Canada 
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Front Cover: A pulley profile re- 
ceives the crowning touch in George 
Farnsworth’s cover design showing a 
tilted roller and shifted belt. E. J. 
Renner discusses the reasons for 
selecting this new pulley shape for 
wide belts on Page 106 


i I a a it in es ed ees a ee aes 24 


News Report—First half of the annual automobile roundup: A look at some of the 
engineering details in most of the new Chrysler and Ford models. 


ee ere ere ee 
ALBERT WOODRUFF GRAY—A synopsis of court thinking on contributory infringement. 
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E. J. RENNER—New profile for maximum belt training and low stresses in wide belts. 
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JOHN H. RUMBARGER—An approximate method for analyzing load and life ratings of 
bearings that can carry radial, thrust, and overturning moment loads simultaneously. 
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LESTER F. SPENCER—Part 2: Design Considerations—Evaluation of coatings, and details 
of design techniques to minimize corrosion. 
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VEE C. TSIEN—A new method that graphically combines transverse and torsional shears 
to find the resultant shear stresses in hollow shafts. 


Self-Optimizing Control Systems ............ 133 


J. M. NIGHTINGALE—Part 3: Dynamic Analysis—How to determine the compromise 
between sensitivity and instability of a system having multiple parameters. 


Compressibility of Fluids .......-.-cccc8ce- 1397 


ROBERT M. SANDO—Data Sheet—Nomograms that simplify calculations for hydraulic 
design—pressure change versus volume change, velocity of a pressure wave. 
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A. J. BETTE—Design Abstracts—Basic properties and selection of commercial types of 
organic friction materials suitable for use with brakes and clutches. 
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A NEW CONCEPT 
OF QUALITY 


SPECIFY 


B&W Job-Matched Lectrosonic heat exchanger tubes 


B&W offers you: 
@ an electric-resistance-welded carbon steel heat ex- 
changer tube manufactured under a rigid system of con- 
tinuous quality control — and backed by five years of 
extensive field service 


@ a dimensionally accurate, uniform tube that fits prop- 
erly into tube sheets and threads easily through baffles 


@ a tube with a new concept of quality designed specifi- 


eeeeeeece 


cally for economical long life in heat exchangers 

B&W Job-Matched LECTROSONIC Heat Exchanger 
Tubes are available through a nationwide network of 
district sales offices and steel service centers. And remem- 
ber — matching tubes to jobs assures you the right tube, 
in the right quantity, at the right time, For more informa- 
tion call your local B&W District Sales Office, or write 
for Bulletin TB-431. The Babcock & Wilcox Company, 
Tubular Products Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 





TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Corvair 95: Rear-Engine Compact Becomes a Truck 


SR Si bari a 


Designed to hau! 1900 Ib, Chevrolet's new Corvair 95 light-duty truck weighs 


only half again as much (2700 Ib). Economical to operate, highly maneuverable, 
and easy to load, the new utility compact offsets weight of the 80-hp air-cooled 
six-cylinder Corvair engine (mounted in the rear) with a forward-positioned cab 
to distribute curb weight equally among the four wheels. And because cargo 
is located directly between front and rear wheels, weight distribution doesn't 
change when the vehicle is loaded. Mounted on a 95-in. wheelbase, the 15-ft 
long truck comes in side-loading (above) and conventional pickup models and 
in a panel-delivery version. Floor panel gives access to the engine ((right). 


Sixth Conference on Mechanisms: October 10-11 


Design and application of mechanisms will be the theme of the impressive 
two-day meeting cosponsored by Purdue University’s School of Mechanical 


Engineering and MACHINE DESIGN. Here are the details: 


Time: Monday and Tuesday, Oc- 
tober 10 and 11. 

Place: Purdue University, West La- 
fayette, Ind. 

Technical sessions: Leading authori- 
ties in mechanisms design will pre- 
sent 17 papers during two days of 
discussions. The complete program, 
with abstracts of all papers, appeared 
in the September | issue of MacHINE 
Desicn, Page 14. 

Social events: Conference banquet 
on Monday evening; Luncheon on 
Tuesday. Banquet speaker is Pur- 
due’s Charles-H. Lawshe Jr., dean 


6 


of University Extension Services and 
professor of industrial psychology. 
Luncheon speaker is W.L.H. 
Schmid, dean of mechanical engi- 
neering, Technological University of 
Eindhoven, Eindhoven, Netherlands. 
Dr. Schmid will present a capsule 
review of engineering education in 
the Netherlands. 


Registration: Page 188 of this issue 
gives complete details. For any ad- 
ditional information, write to K. E. 
Glancy, Division of Adult Educa- 
tion, Purdue University, West La- 
fayette, Ind. 


Boeing's Bargaining Offers 
No Bargain, Says SPEEA 


SEATTLE — Collective bargaining 
between Boeing Airplane Co. and 
the Seattle Professional Engineering 
Employees Association (ESA) hit a 
snag during this year’s negotiations. 
The reason, according to SPEEA: 
Retrogressions. “For the first time 
in the 14 years of our bargaining re- 
lationships,” says the union, “Boe- 
ing’s offer consisted solely of ‘take- 
away’ provisions.” Under fire were 
the three points in the company’s 
“offer” dealing with notice of lay- 
off, selection of persons to be laid 
off, and salary increase. 

Under the existing contract, two 
weeks’ notice (except when an 
arbiter would agree that it was im- 
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FAR LESS 


STRESS IN 
LXS 


THE CHAIN WITH NO “STRESS RAISERS”! 
Link-Belt LXS brings long-term economy and 
efficiency to the most punishing drive and convey- 
ing jobs. With its “FULL-ROUND” design, LXS 
has no stress concentration points . . . none of the 
sharp corners which frequently shorten the life of 
many ordinary chains. 

LXS is available with straight or offset sidebars. 
For details, contact your nearest Link-Belt office. 
(See CHAINS in the yellow pages of your phone 
book.) Ask for our new, comprehensive Catalog 
1050. 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential 
Plaza, Chicago 1. To Serve Industry There Are Link- 
Belt Plants, Warehouses, District Sales Offices and 
Stock Carrying Distributors in All Principal Cities. 
Export Office, New York 7; Australia, rrickyille 
Gyeaey) Brazil, Sao Paulo; Canada, Scarboro (Tor- 

13); Africa, Springs. Representatives 
Throughout the World, 15,02 


They're all of “FULL-ROUND” design 


PINS BUSHINGS SIDEBARS 


“FULL-ROUND” design eliminates traditional stress concen- 
tration points in Link-Belt LXS . provides maximum 
live bearing area between pins and bushings. Result: stress 
is distributed evenly. 

her LXS long-life features include controlled press 
fits plus use of selected steels and controlled hardening 
of all parts. All this contributes to greater uniformity, 
greater endurance. 


% 
| 
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practical) is given prior to layoff. 
The new provision would not guar- 
antee any notice. 

An engineer’s ability has been 
the factor which decides whether he 
stays or goes when layoffs are nec- 
essary at Boeing, and all engineers 
in comparable positions are re- 
viewed beforehand. The company 
sought to remove restrictions on re- 
viewing and on the criteria used 
for selection for layoff. 

A general salary increase amount- 


ing to 3 per cent (the same as for 
the shop union) was proposed to 
replace the present system of ad- 
justing salaries of older engineers 
on the basis of those paid newly 
hired men. Offers to 1960 grad- 
uates were 4.5 per cent higher than 
those of 1959. Over a four-year pe- 
riod, however, the engineers have 
come out on the short end of the 
deal (0.8 per cent less increase than 
the shop union). 

Boeing engineers rejected the offer 
by an 87 per cent majority. 


New Powerplant Pair: Fuel Cell + Reactor 


CLevELAND—Fuel cells that don’t 
consume fuel (except through fis- 
sion) are the latest powerplants 
proposed for man in space. Hard- 
ware for one such system is already 
designed and prototype units are un- 
der test. 

Developed by Thompson Ramo 
Wooldridge Inc., a new lithium-hy- 
drogen fuel cell teams up with a 
nuclear reactor to provide electrical 
power “forever.” The reactor sup- 
plies heat for the system to use in 
regenerating its fuel. As in all fuel 
cells, fuel in the TRW unit goes 
through a chemical change, produc- 
ing electrical power; however, the 
high-temperature regenerator re- 
verses the reaction, permitting lithi- 
um and hydrogen to be reused again 


and again. The system is particu- 
larly attractive for space-power ap- 
plications because no stored fuel will 
be needed. 

Units will provide about 2 kw for 
at least 60 days and will weigh 
about 800 Ib (exclusive of the weight 
of reactor shielding). Although on 
the heavy side, the TRW system has 
an extremely high power-to-weight 
ratio. Nonregenerative fuel-cell sys- 
tems that are designed to operate for 
150 hr supply less than 500 watt 
hours per lb (because of excessive 
weight of the stored fuels); batteries 
supply less than 50. By comparison, 
the regenerative fuel cell can be 
conservatively rated at 3600 whr per 
lb (again excluding weight of the 
shield). 
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Liquid lithium (at 900 F) gives up electrons at one of the fuel cell's electrodes; 
hydrogen gas accepts them at the other. Lithium hydroxide (in solution in the 
electrolyte) flows from the cell, is preheated in a heat exchanger, then further 
heated to about 2000F in a reactor-powered regenerator. The metallic lithium, 
hydrogen gas, and electrolyte vapors coming out of the regenerator are chan- 


neled into different return paths by a separator. 


Designed for a gravity-free en- 


vironment, the system can be simplified for ground applications. 


g 





Topics 


Money in the slot will buy you a 
clean suit now that dry cleaning has 
been taken up by coin-operated ma- 
chines. Whirlpool is field-testing 50 
such machines which process an 8-lb 
load in 50 minutes at a cost of ap- 
proximately $1.50. 

e ee 

Electronic straw boss keeps track of 
as many as 200 production machines. 
The Productograph, developed in Ger- 
many, continuously charts each ma- 
chine and indicates the cause when 
work stops. Switches, voltage relays, 
flow meters, and photoelectric cells 
gather information and send it to a 
console in a production control cen- 
ter. In over 100 installations in Eu- 
rope, the Productograph is reported to 
have increased efficiency by 20 per 
ent. Farrington Instruments Corp., 
Needham, Mass., will build and sell 
the equipment in North America. 

eee eel 

By-product of miniaturization in 
electronics will show up on well-heeled 
ladies’ wrists: Charms for bracelets 
now come equipped with tiny com- 
ponents that cause them to light up. 
For $39 and up, such things as a 
sports car with working headlights 
and Miss Liberty holding a glowing 
torch are available. 

e ee 

Rotary mower that won’t throw 
things has been suggested by an in- 
vention of Walter Phillips of Dallas. 
An S-shaped blade, developed by Mr. 
Phillips, pushes an object aside rather 
than hitting it solidly and hurling it 
through the air. 

e ee 

Paraglider, a cross between a para- 
chute and a glider, may assist in bring- 
ing a mannrd space capsule back to 
earth. The Paraglider has a flexible 
wing with rigid leading edges. Re- 
ports to NASA list its advantages: 
It is lightweight; it can be folded 
and stored until needed; it could slow 
down the capsule to keep re-entry tem- 
peratures to 1500 F; and it is more 
efficient than a conventional para- 
chute, which bounces its cargo at high 
speeds. 

.* ss 

Keeping the cost of a nickel cigar 
at five cents is being accomplished 
through the use of “homogenized” 
wrappers instead of the usual tobacco- 
leaf kind. The new material is a 
combination of finely powdered scrap 
and low-grade tobacco mixed with a 
chemical binder and flavoring. Avail- 
ability of strong, flexible tobacco by 
the roll also permits machine applica- 
tion of wrappers, replacing a more ex- 
pensive hand operation. 
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For the engineer who 
refuses to. stagnate 


ALF the world is half asleep! Men who could be making twice their present 
salaries are coasting along, hoping for promotions but doing nothing to 
bring themselves forcefully to the attention of management. 


They're wasting the most fruitful years of their business lives . . . throwing away 
thousands of dollars they may never be able to make up. And, oddly enough, 
they don’t realize—even remotely—the tragic consequences of their failure to 
forge ahead while time is still on their side. 


Engineers and other technically-trained men are particularly prone to “drift 
with the tide” because their starting salaries are reasonably high and promotions 
come at regular intervals early in their careers. It isn’t until later—too much 
later in many cases—that they discover there is a definite ceiling on their incomes 
as technicians. 


Send for Your Free Copy of ‘Forging Ahead in Business’ 


If you want to discover how to succeed while you are still young—if you want 
to avoid the heartbreak of failure in later years—send today for “Forging Ahead 
in Business” . .. one of the most practical and realistic booklets ever written on 
the problems of personal advancement. 


Here you will find—not a “pep-talk,” not an academic lecture—but cold, hard 
facts on how to improve your position and increase your income. You will be 
told what the qualifications of an executive are in today’s competitive market... 
what you must know to make $15,000, $20,000 or more a year... what you must 
do to accumulate this knowledge. 





“Forging Ahead in Business” was written for mature, ambitious men who seri- 
ously want to get down to bed-rock in their thinking about their business future, 
If you feel it is meant for you, simply fill in and return this coupon. Your com- 
plimentary copy will be mailed to you promptly. 
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ALEXANDER HAMILTON INSTITUTE 

Dept. </& 71 W. 23rd Street, New York 10, W. Y. 

in Canada: 57 Bloor St., W., Toronto, Ontario, Canada 

Please Mail Me, Without Cost, a Copy of Your 48-Page Book — 


“FORGING AHEAD IN BUSINESS” 
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Wanted: Research on 
Document-Handling Machines 


Wasuincton — Do you have any 
ideas on how scientific writing can 
be mechanically evaluated? If so, the 
National Science Foundation would 
like to hear your suggestions, and 
you might get a research grant. 

Research on devices and systems 
for handling large volumes of scien- 
tific information is high on the 
Foundation’s list of wants for 1961. 
As part of the Documentation Re- 
search Program, proposals on meth- 
ods of automatic analysis, indexing, 
abstracting, and searching will all 
be considered. Because the field con- 
cerns the information needs of all 
scientists and engineers, high pri- 
ority has been assigned to mechani- 
cal-translation research and NSF is 
looking around for new ideas and 
proposals. 

One word of caution—a number 
of groups are already hard at work 
on mechanical-translation methods 
and related language studies. Any 
new group wishing to enter the 
field must submit an outline of a 
project that would extend and com- 
plement work already in progress. 
Further information can be obtained 
from Documentation Research Pro- 
gram, Office of Science Information 
Service, National Science Founda- 
tion, Washington 25, D. C. 


Firefighter for Plastics 


New Yorx—Effective flame retard- 
ant additives that are transparent 
and odorless have been derived from 
a new chemical reaction discovered 
recently. 

The additives, trademarked Phos- 
gard by Monsanto Chemical Co., 
could prove economical in use with 
a wide range of synthetics. Advan- 
tages are low color (they won’t af- 
fect clear or light-colored materials) 
and excellent solubility, which al- 
lows them to be added easily at the 
roll mill or polymer melt. 

A whole series of Phosgards may 
be formed as reaction products of 
certain halides, aldehydes, and ke- 
tones, all low-cost materials. They 
can be successfully added to many 
resins, including phenolics, epoxies, 
and polyurethanes. 
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Controlled Porosity for Complex Shapes 


Permeability of high-temperature metals has become a new engineering design 
parameter. Complex shapes or flat stock that can be produced with accurately 
controlled pore size and distribution, and normal mechanical property tolerances, 
are announced by the Mott Metallurgical Corp., Hartford, Conn. Flow through 
the stainless hemisphere (left) is six times as great through the nose as through 
the base. Using a wind-tunnel (right) to check the theory of transpiration cool- 
ing, MIT researchers hope to show that flow is independent of gas density. 


Spinning a Pressure Vessel 


Helical windings form a fiber-resin pressure vessel with integrally wound end 


closures. Thompson-Ramo-Wooldridge Inc., Cleveland, claim the filament-wound 
reinforced structures have highest strength-density ratios ever produced—over 
3 million in.-lb per Ib. This corresponds to a fiber stress of 340,000 psi. The 
special machine can wind vessels up to 72 in. diam and over 12 ft long. 
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Aristoloy Leaded 8620 cuts tool changes 


50% on wringer drive sleeve for 


Has working time been reduced? Yes. 


In what way? The use of Aristoloy Leaded* has 
increased tool life and reduced downtime for tool 
changes. 


Has machining been improved? Yes. 


What inherent quality in the stee/ is responsible 
for improved machining? A more uniform, satis- 
factory microstructure provides better machining 
characteristics. 


What operation is performed? Automatic screw 


| ARISTOLOY | 


machines bore, counterbore and cut off. Second- 
ary operations include milling, drilling, internal 
and external grinding after carburizing. 


For complete information about Aristoloy blooms, 
slabs, billets and bars, in carbon, 
alloy, stainless and leaded, call the 
Copperweld representative in your 
nearest large city—or write for NEW 
PRODUCTS & FACILITIES CATALOG. 


*inland Lediloy License 
(>) 
DIVISION OF a 


COPPERWELD 


_ STEELS 


STEEL COMPANY 


ARISTOLOY STEEL DIVISION + 4017 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Steel international Co., 225 Broadway, New York 7, WN. Y. 
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Tougher Graphite May Challenge High-Temperature Metals 


New Yorx—Exposed to the temper- 
ature of molten steel, a new form of 
graphite still performs at peak ef- 
ficiency, gives twice the strength of 
conventional types. 

Recrystallized graphite, produced 
by National Carbon Co., retains use- 
ful strength at temperatures as high 
as 5500 F, is easily machinable, and 
has the high resistance to thermal 
shock peculiar to graphite. The 
company reports that there is no 
technological size limitation for the 
process; cylinders 8 in. in diameter 
and 10 in. long have been produced 
and even larger pieces are planned. 

Recrystallizing, which results in a 
uniform and compact structure, can 
be closely controlled to produce a 
range of graphites with varying 
grain orientation. One variation, for 
example, exhibits strength-density 
curves that are different with the 
grain and against it. (With-the- 
grain strength shows the expected 
increase with increasing density; 
strength against the grain decreases. ) 

Room-temperature strength of the 
material is around 6000 psi, com- 
pared with 3000 for conventional 
graphite. At about 4500 F, it has a 
strength of 12,000 psi. 


Fastest Thing on Three Legs 


Erosion rate may be substantially reduced when rocket nozzles are machined 
from recrystallized graphite. Properties are so exceptional that the Air Force 
clamped down on details of production and earmarked all present output for 
military use. Compared with conventional graphite (nozzle, bottom), the new 
material shows outstanding machinability, and high density. Microphotographs 
show ordinary graphite (bottom) with a density of 1.73 gram per cu cm, and 
recrystallized graphite (top) with a density approaching the theoretical value of 
2.26 gram per cu cm. 


Counting Job for 
Low Count Glass 


Corninc, N. Y.—Precise measure- 
ments of extremely tiny amounts of 
radiation will be possible with elec- 
tronic equipment using a new glass. 
Corning Glass Works, Corning, 
N. Y., claims the level of radioactiv- 
ity of their new glass is less than 
6 per cent of comparable glasses; its 
radiation count (per min per kg) is 
about 10, compared with a count of 
175 for most others. It will be used 
to make bulbs and headers in photo- 
multiplier tubes. 

The company noted that although 
fused silica has as low a radiation 
count as the new material, it cannot 








The most advanced hydrofoil in existence made its first public appearance at a 


demonstration by the U. S. Navy recently. The XCH-6, which is the first craft 
to be fitted with supercavitating hydrofoils and propeller, exceeded 70 mph 
at an international symposium on hydrodynamics in Holland. The 23-ft vessel, 
designed by Dynamic Developments Div. of Grumman Aircraft Engineering Corp., 
is powered by a GE T-58 turbine engine rated at 1050 shaft hp. 
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be formed into bulbs, or sealed to 
tube bases. Similarly, 96 per cent 
silica glass, with a count of 50, has 
been of limited use, because of its 
unworkability. 


MacHINE Desicn 








Compact valve design, easier operation 


with Torrington Needle Thrust Bearings Torrington Needle Thrust 


Bearing 


High thrust capacity, thin cross section and low unit cost have made Torrington Needle 
Thrust Bearings a natural choice for top valve performance. With Torrington Needle Thrust 
Bearings, only a fraction of the normal closing effort is needed. This puts less strain on 
the valve...means smoother, more reliable operation. Lifetime pregreasing insures peak 
efficiency over years of extra service life. 

Torrington Needle Thrust Bearings are exceptionally compact. They provide an as- 
sembled height far less than any other type of thrust bearing. They may be run directly on 
adjacent hardened and ground surfaces, or, as shown above, on standard Torrington thrust 
races. 

If you make gate valves, globe valves, angle valves—in fact, any valve closed on a 
threaded stem—you’ll find it pays to investigate the top efficiency of Torrington Needle Torrington Thrust Race 
Thrust Bearings. Call or write Torrington—maker of every basic type of anti-friction bearing. 


progress through precision TORRINGTON BEARINGS 
..>»9.°0.:.,..000———— SS. eee 
THE TORRINGTON COMPANY Torrington, Conn. * South Bend 21, Indiana 
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Central Hydraulics 


JN THE farm-equipment industry, 

as in the auto industry, “periodic” 
refinement in design is often an 
annual event, Complete redesign of 
a vehicle, involving extensive retool- 
ing and new manufacturing proce- 
dures, is a rare occurrence. 

The new series of farm and in- 
dustrial tractors rolling off the as- 
sembly lines at John Deere Co., rep- 
resent the latter . . . a sweeping re- 





design of the entire machine. The 
vehicles were described at the re- 
cent SAE National Farm, Construc- 
tion, and Industrial Machinery 
Meeting by Merlin Hansen, chief 
engineer—new products, John Deere 
Tractor Research and Engineering 
Center. 

Key feature in Deere’s two largest 
tractors (55 and 80-hp models) 
is a central hydraulic system which 


From the transmission « e« 


oil for braking, steering, hitching 


supplies power for steering, brakes, 
rockshaft (hitch control), and one 
or two double-acting remote cylin- 
ders. The system is classed as a 
closed-center, constant-pressure ar- 
rangement in which a standby oil 
pressure (approximately 2250 psi) 
is maintained, but oil is pumped 
only on demand. It represents the 
first use of central hydraulics in a 
U. S. production tractor. 





Key component in the hydraulic system is an 
eight-piston variable-displacement pump 
mounted under the radiator and driven directly 
by the engine crankshaft. It pumps up to 18 
gpm. Additional components include a small 
gear-type transmission pump and an oil cooler. 
All components are supplied with oil from a aac NS - ee 
common reservoir—the transmission case—and = ea 7 ae 
the same oil which operates the hydraulic : — om “ 
mechanisms lubricates the transmission and dif- 
ferential gears. 











MacuineE Desicn 





Fuel tank is mounted ahead of the ra- 
diator (instead of over the engine) in 
Deere’s largest models. This unusual 
configuration solves the problem of 
fuel heat-up (and excessive evapora- 
tion) and lowers the profile of the 
tractor considerably. 


Power Brakes ... 


Wet, disc-type oil-actuated brakes con- 
sist of a rotating steel disc attached 
to the rear axle between two heavy- 
duty brake-lining plates. When brakes 
are applied, three pistons in the trans- 
mission case act on the inner brake- 
lining plate, ultimately squeezing the 
steel disc between the two sets of lin- 
ings. In event of line or pump failure, 
power brakes automatically become 
hydraulic brakes. Full brake action 
(with power) requires only a 30-Ilb push 
on the pedals. 


and Power Steering 


eecomtse 


Double rack-and-pinion steering motor 
(with double-end pistons) is the heart 
of Deere's power-steering system. 
Mechanical connections between steer- 
ing wheel and tractor front wheels 
have been completely eliminated . . . 
permitting unusual freedom in arrange- 
ment of other tractor components. 
Steering system is designed to function 
manually, like the brakes, with the 
engine stopped, or if a line fails. 
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Horsepower 


VARIABLE SPEED DRIVES AS YOU CHOOSE 


Where there is a motor near the driven shaft, LEWELLEN 
Combination Pulleys connect the drive and incorporate 
variable speeds. 

Any convenient arrangement of the drive may be used. 
Two of several choices are illustrated — mounting the hand- 
wheel controlled Pulley either at motor shaft or driven 
shaft. 

Either obtains the same variable speeds at the driven shaft. 
Horsepower characteristics are similar, but capacities are 
not equal, as the graph shows. 

How you use LEWELLEN Pulleys determines their perform- 
ance. 

An informed choice can be made by evaluating available 
performance data. 


Write for Catalog 70 


Manufacturing Company. Columbus, Indiana 


Distributors in all industrial Areas 
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New, tri-dimensional packaging and interconnecting of modern 
electronic functions. 


Here is simplicity from start to finish . . . the most complicated 
designs worked out on AMP-MECA’s graph layout sheets in hours 
rather than days or weeks . . . finished modular construction that’s 


Y O U G O T “‘building-block’’ easy . . . extreme reliability and complete resist- 
; ance to shock and vibration. 

RA A a _ Electronic functions are encapsulated for com- 

a Vi A [) ‘a plete throw away or functions are assembled in 


open base cells for individual component re- 


placement. Easily replaced, pluggable AMP-Cells work independ- 
W I i | ently of or in harness with each other when programmed into AMP’s 


3-D circuit boards. 


Mi f C A Available in 0.1” or 0.2” grid systems, AMP-MECA offers tri-dimen- 


sional flexibility—cells can be made larger or smaller—stacked, 
spread or lined-up in unlimited scope to accommodate your design 
needs. And production can be set up to fit your goals . . . by hand, 
or by programmed automation. 


Learn how AMP-MECA can make it simple for you. Send for the 
full story on simplified interconnection of circuit functions and 


information on prototype assembly kits. 





AWIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England-« France « Holland « Italy « Japan « West Germany 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Adhesives, Edit. 152, 168; Adv. 59 
Aluminum and alloys, Adv. 84 
Automobiles, 1961, Edit. 24 

Axles, Adv. 80 


Balls, Adv. 190 


Bearings, 
ball, Adv. 21, 46, 72, 76, 185 
miniature, Adv. 74 
roller, Adv. 21, 76, 149, 185, back cover 
sleeve, Edit. 156; Adv. 56, 69, 160, 167 
thrust, Adv. 13 
x-type roller, Edit. 110 


Belts, 
conveyor, Adv. 181 
pulley crowns, Edit. 106 


Blowers, Adv. 177 

Books, Edit. 186 

Brakes, Edit. 158; Adv. 35, 89 
Brazing alloys, Adv. 146 


Caps, Adv. 197 
Carbon and graphite parts, Adv. 176 
Casters, Edit. 173; Adv. 65 
Castings, 
die, Edit. 32 
iron, Adv. 155 
meehanite, Adv. 163 


nonferrous, Adv. 47 
short run, Edit. 140 


Chain, 
conveyor, Adv. 57 
transmission, Adv. 7, 57, 147 


Clamps, Edit. 166 
Clutches, Edit. 158; Adv. 35, 70, 89, 189 
Coatings, conversion, Edit. 123 


Compressibility of fluids, Edit. 137 
Compressors, Adv. 92 

Computers, Edit. 145 

Connectors, electric, Adv. 2 


Control systems, 
mechanical, Adv. 179 
self-optimizing, Edit. 133 


Controls, 
electric, Adv. 178 
hydraulic, Adv. 197 


Cooling, Edit. 145 


Couplings, fluid flow, Edit. 160, 178; Adv. 
T7, 159 


Cylinders, 
hydraulic, Adv. 38, 87 
pneumatic, Adv. 38 


Drafting equipment, Edit. 183; Adv. 63, 
151, 195 


Drives, adjustable speed, Adv. 86, 157 


Electric equipment (see specific type) 
Electronic equipment, Edit. 117; Adv. 16 


Engineering department (see Management 
or Drafting) 


Engineers, Edit. 32 


Fans, Edit. 36; Adv. 177 


Fasteners, 
bolts, studs, screws, Edit. 152 
insert, Edit. 162 
nuts, Adv. 67 
pin, Adv. 195 
rivet, Adv. 29 


Felt, Adv. 170 


Finishes (see Coatings) 
Fittings, pipe, tube, and hose, Edit. 164; 
Adv. 45, 198 


Forgings, Adv. 40, 165 

Forming, Adv. 41, 195, 196 

Friction materials, Edit. 141; Adv. 91 
Fringe infringers, Edit. 96 


Gages (see also Instruments), pressure, 
Adv. 43 


Gaskets, Edit. 174 

Gears, Adv. 51, 162, 172, 182, 198, inside 
back cover 

Heaters, Adv. 164 

Hose, metallic, Adv. 45, 83 

Hydraulic equipment (see specific type) 


Impeller, jet-stream, Edit. 118 


Instruments, Edit. 100, 101, 102, 120, 180; 
Adv. 52, 154, 193 


Insulation, Adv. 48, 49, 75 


Knobs, Adv. 197 


Locks, Adv. 194 
Lubrication, equipment, Adv. 16] 


Meetings, Edit. 36 

Metals (see specific type) 

Metalworking equipment, Adv. 68, 187 
Meters, Edit. 104, 122 


Motors (electric), 
fractional and integral, hp, Adv. inside 
front cover, 1, 60, 61, 79, 81, 82, 184, 
191 
subfractional hp, Edit. 160, 166; Adv. 
61, 81, 82, 164 


Mountings, vibration and shock, Adv. 166 


Nickel and alloys, Adv. 7] 


MACHINE DESIGN is indexed in the Applied Science & Technology Index and the Engineering Index, available in libraries, generally. 
Microfilm copies are available from University Microfilms, 313 N. First S?., Ann Arbor, Mich. 
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SUBJECT INDEX (continued) 





Oscilloscopes, Edit. 180 


Packings, Edit. 168; Adv. 69 
Pipe, Adv, 50 


Plastics, Edit. 156; Adv. 55, 56, 78, 158, 
197 
laminates, Adv. 153 
molding, Adv. 171, 180 


Plugs, Adv. 197 

Pneumatic equipment (see specific type) 
Potentiometers, Edit. 154 

Pulleys, Adv. 15, 78 

Pumps, hydraulic, Edit. 192; Adv. 85, 154 
Pushbuttons, Adv. 33, 58 


Reducers, speed, Adv. 162 
Relays, Edit. 34, 164, 196 
Resistors, Adv. 62 
Rheostats, Adv. 62 
Rockets, Edit. 22 


Rubber, Adv. 64 
molding, Adv. 156 


Screws, power, Adv. 173 

Seals, mechanical, Edit. 190, 194; Adv. 183 
Sheaves (see Pulleys) 

Springs, Edit. 34 

Sprockets, Adv. 7, 143, 145 

Starters, motor, Edit. 178 

Steel, Edit. 34; Adv. 11, 67, 88, 
Switches, Edit. 162, 173; Adv. 73 


Tape, Edit. 176 

Thermometers, Adv. 42 

Thermostats, Adv. 54 

Timers, Edit. 170; Adv. 37, 73, 168, 202 
Transducers, Edit. 184 

Transmissions, adjustable speed, Adv. 80 
Tubing, Adv. 5, 50, 66, 67, 90, 93 
Tubular shaft design, Edit. 128 


Valves, 
hydraulic, Edit. 152, 170, 196; Adv. 27, 


44, 94 
pneumatic, Edit. 192; Adv. 94, 192 


Vibrator, Edit, 190 


Ways, Adv. 174 
Welding, Adv. 169 


Wire and wire products, Edit. 152; Adv. 
53 
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for More Information... 


CIRCLE ITEM NUMBERS—throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 


Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 


supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 148 


ITEM ITEM 
NUMBER NUMBER 


Lubricating System .......--.seeceees 
Starters, Starter Generators 

Rotary Poritive Blowers 

Precision Instrument Components 
Circuit Modules 

Synchronous Motors 

Casters and Wheels .........-.seeeees 
Drive Assemblies 

Socket-Head Cap Screws 
High-Conductivity Coppers 

Spring Devices 


Precision Switches ............-.++++. 601 
Electric Motor Controls 602 
Coaxial Connectors ..........-++++++- 603 
Tantalum Capacitors ............++-. 604 
Aircraft Fasteners ........-.+.0++++++ 605 
Sealless Pumps ‘ 606 
Back-Up. Rings 607 
Hydraulic Valves 608 
Rare Earth Metals 609 
Fluorosilicone Rubber 610 
Electronic Products 611 
Delrin Acetyl Resin ............+.-++. 612 Limit Switches 
Oscillating Motors 613 Sintered Nylon Parts 
Hydraulic Cylinders ..........+++-+++ 614 Electrical Motors 
High-Temperature Inconel ........... 615 Centrifugal Clutches 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 152 


ITEM 
NUMBER 


Music Spring Wire ............sese08 
Quick-Release Bolt ........ecsseeeves 
One-Part Adhesive 

Torque-Control Unit 

Miniature Relief Valve 

Holding Clip 

Trimmer Potentiometers 

Bearing Unit 

Pressure-Sensitive Foam 

Brakes and Clutches 

Adapter Rings 

Quick-Disconnect Couplings 

Stepping Motor 

Self-Locking Insert 

Miniature Switches 

Tele WONG «00 cscsse cs cuneccescesss 
Time-Delay Relay 

Adjustable-Hub Clamps ..........+++. 


Adhesive System 

Split Packing Gland 
Needle Valves 

Pushbutton Timer 
Industrial Casters 

Rotary Switch 
Gasketing, Packing Sheet 
Synchronous Motor 
Insulating Tapes 

Compact Starter 
High-Vacuum Coupling 
Semiconductor Strain Gage 
Portable Oscilloscope 
Drafting Machine 
Extended Scale Indicator 
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Why use this so-called ( 


extra-light’ 


leX-t- alate @-\ai=1\,7 i (ora 1010) =1 0810) ae 


when all you need is this 


News wont Kayden! 
Reali-Slim bearings ‘off the shelf’ 
---prices slashed up to 76% 


a 


*Five of the six series 
of Type ‘“‘CP’’ Reali- 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard “‘extra-light’’ 
series bearing shown 
above. 
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Up to 85% lighter, up to 70% narrower 
than the lightest of the “‘extra-lights” 


More than 80% of all present standard 
“extra-light” series bearing installations 
never require the full capacity of the bearing. 

Kaydon now trims this expensive bearing 
excess! Kaydon Type “CP” Reali-Slim bear- 
ings match proper size, weight and capacity 
to specified shaft sizes. Overcapacity need 
no longer hamstring your product designs. 

Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), 


we KAYDUN 


————— MUSK ECON MICHIGAN 
#” inside diameter to 178” outside diameter . . . 


All types of ball and roller bearings — 


Kaydon Reali-Slim KA-40-CP 


a 


width and cross section remain the same for 
all bearing sizes in any one series. 
Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 
4,” width and cross section. Result: new 
opportunity to save on cost, size, and weight 
. in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . . . and new bronze one-piece snap- 
over separator in 4” to 12” bore — 4,” to 1” 
width and cross section. Kaydon’s volume 
production cuts prices as much as 76%, de- 
pending on size. Write for free, fact-filled 
“CP” bearing bulletin — with prices! 


CORP. 


Taper Roller 


ENGINEERING 


Roller Thrust ¢ Roller Radial « Needle Roller « Ball Radial ¢ Ball Thrust * Four-Point Contact Bearings 
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shakedown ahead for instant mail 


Split-second facsimile transmission of mail will move closer to reality next 
month, when the Post Office Dept. begins a three-week evaluation of the 
system. Tests will involve transmission of Government mail between Wash- 
ington, Chicago, and Battle Creek, Mich. Operation of the system includes 
machine opening of letters; electronic scanning of contents; transmission 
(in scrambled form) by radio; reproduction of the letter at post office of 
destination; insertion of the letter into a new envelope for delivery. The 
apparently successful development of opening and sealing machines is con- 
sidered to be the last major hurdle in introducing instant postal service. 


nuclear rockets: no-progress report 


“There is no national policy for the utilization of nuclear rockets . . . we lack 
policy, purpose, management, and fiscal support. There is developmental 
effort, reluctantly and partially funded, but no program complete with 
schedule, timetables, and specific direction.” This capsule condemnation, de- 
livered to the Senate by Sen. Clinton P. Anderson, chairman, Joint Atomic 
Energy Committee, sums up the nation’s low-key development of nuclear- 
propulsion systems for space. Bolstering his plea for making an end to 
“melancholy mediocrity” in astronautics, Sen. Anderson quoted Krafft Ericke’s 
strong conviction that “. . . the nuclear engine is to astronautics what the 
combustion engine is to aeronautics . . . it is the only means of obtaining 
complete independence operationally from earth.” 


beryllium future brighter 


Air Force sponsored research on beryllium seems likely to open the door to 
many new uses for the material. Beryllium Corp., Reading, Pa., has al- 
ready come up with several promising new manufacturing methods. New 
mill-rolling and hot-extruding techniques look good, and casting methods 
(including both centrifugal-pressure and vacuum processes) are being im- 
proved. In addition, new methods are in the offing for direct conversion of 
beryllium “beads” into castings without the use of powder metallurgy. Such 
developments could lead to a substantial cut in the cost of beryllium com- 
ponents, BC spokesmen report. 


supersonic slowdown 


A neat solution to one of the biggest problems surrounding development of 
the Mach-3 airliner may result from the annual meeting of the International 
Air Transport Association in Copenhagen, Denmark. The problem: When 
to proceed with full-scale development of supersonic passenger travel. No 
airline has a strong desire to pioneer in the field, especially after reviewing 
the stupendous (and sometimes unexpected) costs of inaugurating subsonic 
service. And for obvious reasons, no airline wants to be last in supersonic 
flight. The solution which is likely to result from the IAA meeting: Agree- 
ment by all of the world’s major noncommunist airlines on an introductory 
date—probably early in the 1970’s—to prevent premature introduction of the 


enormously expensive planes. 





trouble shooting by telephone 


Users of Daystrom computer equipment won’t be bothered by waits for re- 
pairmen any more. The company’s Control Systems Div., La Jolla, Calif., has 
developed a technique for conducting maintenance checks by telephone. If 
his equipment is acting up, the customer simply calls up La Jolla and the 
computer expert on duty does the rest. He takes over control of the mis- 
behaving computer, checks it out, and either makes corrections and adjust- 
ments, or tells the customer what is wrong and what to do about it. When 
the computer is hooked into the telephone line, the Daystrom engineer can 
feed it test signals, observe response, and reprogram it if necessary. According 
to company spokesmen, the new service will be available on a 24-hr basis and 
will provide each customer with a staff of computer experts. 


annealing: how to rejuvenate a reactor 


Oak Ridge National Laboratory’s X-10 pile, the oldest operating reactor in 
the world, is back at work after three days off. “Fired up” for the first time 
about 17 years ago, the graphite reactor had accumulated a high stored en- 
ergy during its years. Neutron beams, colloiding with graphite atoms in the 
reactor walls, had jarred atoms out of their normal molecular position. Stored 
energy in the high-flux region near the cooling-air inlet had reached dangerous 
levels: If the reactor released all this energy in one bundle, temperatures 
would soar. To “ground” the machine, the Oak Ridge physicists reversed 
direction of cooling-air flow and cut back flow rate, allowing temperatures to 
build up. The annealing technique provided sufficient thermal energy for 
the displaced graphite atoms to vibrate back into their proper places. 


more doilars for development 


Sixty-six per cent of the corporations replying to a recent American Man- 
agement Association survey revealed they were spending more money for 
product development in 1960 than they did in °59. Average budget increase 
amounts to more than 10 per cent. Leaders include parts and machinery 
manufacturers (22 per cent increase), stone, clay, and glass industry (19) 
and electronics companies (17). On the other side of the ledger, the devel- 
opment effort is down on mining machines (12 per cent decrease) and pub- 
lishing equipment (5). 


what's worth publishing? 


Which scientific and engineering writings should you keep and which can 
you afford to forget? First attempts at answering this question will get under 
way at Case Institute of Technology this fall. Sponsored by the National 
Science Foundation, the Case study will consider means of developing a ra- 
tional system of determining the worth of an article or paper. Starting point: 
The last five years’ technical literature will be explored and tied in to such 
factors as post-publication reaction of the readers, number of times one paper 
is referred to by other authors, etc. Over-all goal of the project is a grading 
index that will predict the value of a paper before it’s published. 
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the ‘61 cars: 


Accent 
on 
Variety 
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IMPERIAL: Free-standing headlamps 


[NDIVIDUALITY in engineering 
is probably more pronounced in 

the 1961 cars than at any other time 

during the past two decades. 


Pontiac’s four-cylinder Tempest 
(Macuine Desicn, Sept. 15, Page 6) 
and Chevrolet’s rear-engine Corvair 
represent the most radical departures 
from convention in overall design, 
while significant developments have 
also occurred in component design: 
Transaxles now appear on two U. S. 
cars; aluminum V-8 engines are 
scheduled for 61 Buick and Olds- 
mobile compacts, and American Mo- 
tors will have an aluminum six-cyl- 
inder powerplant ready for the 
Rambler; Chrysler Corporation has 
switched completely to alternator 
power supplies and produces the 
only U. S. cars with torsion-bar 
suspension. 

With the introduction of more a 
compacts, car size also varies ex- DE SOTO: King-sized economy 
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‘61 Sizes 


NEWS REPORT 





Wheelbase Length Width 
(in.) (in.) (in.) 


Tread 
F/R (in.) 





IMPERIAL 129 227.3 81.7 


CHRYSLER 
Newport 215.6 
Windsor 122 215.6 
New Yorker 219.8 


DESOTO 122 215.6 
188.8 


209.4 
212.4 


209.5 
VALIANT 183.7 


61.8—62.2 


61—59.7 
61—59.7 
61.2—60 


61—59.7 
56—55.5 


61.5—60.2 
61.5—60.2 


60.9—59.7 
56—55 





tensively in 1961, forcing more in- 
dividuality in styling. The net re- 


sult: A wider choice of truly differ- 
ent automobiles than has been pro- 
duced in the U. S. in many years. 

The first batch of *61 models to 
appear—all of Chrysler Corp.’s cars, 
plus Ford, Falcon, and Comet—ap- 
pear on the following pages: 


CHRYSLER 


Alternators, gearless-speedometer 
drives, and solenoid-shift starters 
are major mechanical refinements 
incorporated in Chrysler Corpora- 
tion’s 1961 models. Additional re- 
finements, appearing on the indi- 
vidual cars, emphasize a general in- 
dustry trend toward economy: En- 
gine compression ratios have been 
reduced in a number of cases for 
better operation on nonpremium 
fuel, and standard transmissions 
(floor mounted) appear in two mod- 
els of the luxury-class Chrysler. 


Imperial: Mechanically, Chrysler’s 
luxury car is virtually unchanged 
from last year. Wheelbase (129 in.) 
and engine (350 hp) are the same. 
Biggest change is in front-end styl- 
ing: Imperial boasts four free-stand- 
ing headlights which were last seen 
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bearings 


Needle 
bearings 


Cross shoft 





Smoother steering for ‘61 Chryslers is provided by fabric-reinforced coupling be- 
tween gear and shaft which acts as a universal joint to accommodate variations 
in alignment. Needle-bearing cross-shaft, and needle thrust bearings on both 
ends of the cross-shaft roller minimize friction. 
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the 61 cars 


on a.U. S. production car about 20 
years ago. 


Chrysler: Manual transmission with 
floor shift is standard equipment in 
two of Chrysler’s ’61 models (New- 
ports and Windsors). The Newport 
series, new this year, is a Windsor 
with a smaller engine (265 hp vs. 
305 hp). It boasts certain features 
of an “economy” car, having deliv- 
ered 21 mpg (with automatic trans- 
mission) in recent driving trials. The 
top New Yorker series is substan- 
tially unchanged. Chrysler’s 300 G, 
“America’s most powerful (490 hp) 
car,” will be introduced later in the 
year. 

De Soto: Only two models—two and 
four-door hardtops—will be pro- 
duced in 61. Compression ratio of 
the 265-hp engine has been reduced 
to 9 to 1, permitting operation on 
regular fuel. 

Dodge: Lancer, the new Dodge com- 
pact, borrows two of Valiant’s ma- 
jor design features: A  106.5-in. 
wheelbase and 170 cu in., 101-hp en- 
gine. However, Lancer is about 5 in. 
longer than Valiant and is available 
with an optional 145-hp engine. 
Polara, top car in the Dodge line, 
and the medium-size Dart are 
heavily restyled, with minor me- 
chanical refinements. Dart is avail- 
able with one of the widest ranges of 
engine options in the industry: From 
145-hp (Slant 6) to 330 hp (ram-in- 
ducted V-8). 

Plymouth: Extensive restyling, par- 
ticularly in the rear, gives Plymouth 
certain aerodynamic advantages, ac- 
cording to the car’s designers, “Con- 
cave design of the rear quarter pan- 


Flux collector 


Bi-metal compensator 


Calibration device 


View in direction of arrow 


"61 Engines 


4 


Magnetic drive in Chrysler speedometers replaces a noisy and troublesome gear 





Make and Model Bore & Stroke 
(in.) 


Displacement 
(cu in.) 


Compression Power, max 
Ratio (bhp) 


Torque, max 
(Ib-ft) 





IMPERIAL 4.18 x 3.75 


CHRYSLER 
Newport 4.12 
Windsor 4.25 
New Yorker 4.18 


DESOTO 


DODGE 

Lancer (6-cyl) 
(6-eyl) 

Dart (6-cyl) 
(V-8) 
(V-8) 
(D-500) 
(Police Spec.) 
(Ram Ind.) 
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— 
_ 
nN 


VHOOL ee 


Nie 
RREKREaLSss 


(D-500) 
(Ram Ind.) 


PLYMOUTH 
(6-cyl) 
(Fury) 
(Super Fury) 
(Commando) 
(Commando) 


VALIANT (Standard) 
(Optional) 
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350 @ 4600 


265 @ 4600 
305 @ 4600 
350 @ 4600 


265 @ 


101 @ 


ys 


330 @ 4800 


145 @ 4000 
230 @ 4400 
260 @ 4400 
305 @ 4800 
330 @ 4800 


101 @ 4400 
148 @ 5200 


470 @ 2800 


370 @ 2400 
410 @ 2400 
470 @ 2800 


370 @ 2400 


155 @ 2400 
215 @ 2800 
215 @ 2800 
340 @ 2400 
345 @ 2800 
395 @ 3000 
425 @ 4200 
460 @ 2800 
380 @ 2400 
425 @ 4800 
460 @ 2800 


215 @ 2800 
395 @ 3000 
460 @ 2800 


155 @ 2400 
153 @ 4200 





MacHINE DesIcn 





el helps to achieve stability when 
driving in cross winds, despite the 
smaller mass of metal at the 
ae 

Valiant: Plymouth’s running mate 
has had a minor engine modifica- 
tion: Compression ratio is 8.2 to | 
(down from 8.5 to 1) for more ef- 
ficient operation on nonpremium 
fuel. 


FORD 


Ford: Factory-applied chassis lubri- 
cation, good for about 30,000 miles, 
is a new Ford feature this year. Di- 
mensions of the car have changed 
slightly, due to restyling: It is 3.7 in. 
shorter and 1.6 in. narrower than 
last year. Trunk-opening has been 
widened a full 10 in. in the process. 
Another engine has been added to 
the line—a 390 cu in. V-8 based 
on the 352 cu in. engine. Power rat- 
ing remains the same (300 hp), 
but torque has been upped from 


No-lash rocker arm, new on Ford six- 
cylinder engines, is a simple mechan- 
ical device said to outperform hy- 
draulic-lifter arrangements. The unit 
is comprised of a rocker arm, eccentric, 
eccentric spring, and plunger. The ec- 
centric, in effect, is a cam which is 
wedged against the valve stem through 
the action of the spring and plunger 
and thus compensates for changes in 
valve trim length as the result of wear 
or growth. It eliminates frequent valve 
adjustments required by conventional 
mechanical tappet systems in which 
clearance is provided by growth and 
adjustment is required for wear . 
either of which result in excessive 
valve-train noise when the engine is 
cold, or valve lash increases. 
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Series 1650 
2-Way Solenoid Vaives 


An entirely new Waterman principle in A.C. Solenoid Valves 
eliminates inrush current, makes possible fast cycling without 
overheating, minimizes wiring requirements. Specify Waterman 
Series 1650 Solenoid Valves for your next circuit design. 

These valves, in 3%” and %” sizes, are pilot-operated poppet 
type, for wider valve opening, low pressure drop. Bodies are high- 
strength aluminum alloy, for pressures to 3000 p.s.i. Working parts 
are hardened and ground steel. Seating surfaces lapped together 
for maximum leakage of 5 drops per min- 
ute. All working parts totally enclosed and 
immersed in the hydraulic fluid. 

Available for 110 or 220-volt operation, 

50 to 60 cps, using the same coils for any 
frequency. Power consumption is 26 watts 
at all voltages. No coil burn-out if valve 
sticks. 


Wider valve opening—more usable hydraulic power—low 
pressure drop—with Waterman internal pilot-operated 
poppet-type valves. Seating surfaces are lapped together 
and assembled in sets for tightest possible shut-off. 


SEND TODAY FOR YOUR COPY OF NEW CATALOG 2002 


Also suppliers of AN and MS qualified flow regulators and fuses, 
including flow regulators for fuels and cryogenic fluids 
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the ’61 cars 


"61 Engines 


381 to 427 @ 2800 rpm. The engine 
has an aluminum front cover. 


Falcon, Comet: No basic change has 
been made in either car. Each has 
a new aluminum grille and is avail- 
able with a more powerful (101 hp) 
engine in place of the standard 85- 
hp job. 


"61 Sizes 





Wheel- 
base Length Width Height Tread 
din.) (in.) (in.) = (in.) F/R(in.) 





FORD 119 209.9 79.9 55 61-60 
FALCON 109.5 181.2 70.6 54.5 55-54.5 
COMET 114 194.8 70.4 54.5 55-54.5 





Extended lubrication is factory applied 
by Ford in the chassis of all ‘61 models. 
Grease fittings have been replaced by 
small threaded plugs . . . which may 
be replaced by grease fittings after an 
extended interval. Solid-film lubricant 
used has a molybdenum-disulfide base. 








Make and Model 


FORD 
(6-cyl) 
(V-8) 
(V8) 
(V-8 option) 
FALCON, COMET 
Standard 
Optional 


Bore & Stroke zs 


(in.) 


3.62 x 3.60 
3.75 x 3.30 
4.00 x 3.50 
4.05 x 3.78 


3.50 x 2.50 
3.50 x 2.94 


Displacement 
(cu in.) 


Compression 
Ratio 





223 


352 
390 


144 


8 4:1 
8.8:1 
8.9:1 
9.6:1 


8.7:1 
8.7:1 


Power, max 


(bhp) 


Torque, max Carburetion 
(lb-ft) 





135 @ 4000 
175 @ 4200 
220 @ 4400 
300 @ 4600 


85 @ 4200 
101 @ 4400 


200 @ 2000 
279 @ 2200 
336 @ 2400 
427 @ 2800 


138 @ 2000 
156 @ 2400 lb 
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MEASURE 
YOURSELF 
ON 
THIS 
ad 10) =] =) 


‘‘Make it slide exactly O.025 inch 
...hold it securely... do it at lowest cost”’ 


Stanley got the answer from a TRS man 


The hook on the end of a steel tape rule must slide back 
and forth, exactly enough to offset the thickness of the 
hook when taking outside or inside measurements, The 
problem faced by Stanley Tools of New Britain was 
to put the sliding action in the hook, without making 
profits slide. 


How to avoid the high cost of attaching the hook with 
screw machine fasteners was the question put to a TRS 
Engineer, trained in the PAR Process approach to assem- 
bly work. His answer saved 31% on fasteners and 8% 
on per-unit assembly time. 


He demonstrated that the precision of standard TRS 
nickel-plated steel shoulder rivets would fully satisfy the 
needs of the job. Also, that the two rivets could be auto- 
matically fed and set in one operation by a standard TRS 
double-drive riveter. 


Foreign rivets flopped on this job. Stanley was quick to 
pass the new cost-cutting trick on to their English plant. 


They shipped a duplicate TRS riveter over and tried 
foreign-made rivets, but without success. Now, TRS 
rivets are used in the English operation. TRS has the 
equipment, skill and quality control to assure reliable 
precision. 


How Precision Slide is Achieved — 


Precision-made shoulder rivets pass through oversize holes in 
rule hook and clinch to metal rule. Hook can slide back and 
forth by exactly the amount of excess diameter of holes in hook. 
The excess is equal to thickness of hook. 


When you call in a TRS Engineer, you get rivets that 
save you the high cost of trouble and rejects. And, you 
get the benefit of an uncommon ability to come up with 
cost-reducing answers . . . the PAR Process way of sim- 
plifying and making assembly more automatic. 


Don’t Buy Riveting Machines until you learn how the TRS PaR process revolutionizes riveting 


® 


TUBULAR RIVET & STUD COMPANY 


QUINCY 70, MASSACHUSETTS * TRS SALES OFFICES: Atlanta * Buffalo * Charlotte * Chicago 
Cleveland « Dallas « Detroit « Hartford « Indianapolis « Los Angeles « New York 
Philadelphia « Pittsfield « Quincy « St. Louis « Seattle. WAREHOUSE IN CHICAGO 


See “Yellow Pages” for phone numbers. 


If it’s a Tubular Rivet TRS makes it...and Better TT I fl T T va 
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Radio-controlled helicopter drone promises 
to be an effective anti-submarine weapon 
against nuclear subs too fast for surface 
vessels. Kaman Aircraft Corporation’s 
HTK drone, which dropped a pair of 
dummy torpedoes in a recent demonstra- 
tion, can be “flown” by a nonpilot after 
only a few hours’ instruction. Landings 
on a ship’s deck, accomplished by a 
winch-down technique, have been made 
in winds exceeding 30 knots and with the 
ship rolling 25 deg in both directions. 


ay 


ENGINEERING NEWS / PICTURE REPORT 


Longevity is built into a 1960 Thunder- 
bird through the use of stainless-steel 
body, trim, muffler, grille, and bumpers. 
A brace of these durable Birds was built 
for Allegheny Ludlum Steel Corp. to be 
displayed at automobile and other shows 
around the country. The Budd Co., 
Thunderbird bodymaker, reported “no 
problems” in fabrication. 
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TELEPHOTO WIDE-ANGLE 
BUTTON 
TREADLE 


: i a 

iG . a A TELEPHOTO 
CLUTCH ‘e ie ey. DRIVER 
, ? tray 


CAMERA 
SPRING 


Smooth zooming is spring-powered on 
WIDE-ANGLE Bell & Howell’s Duo Power Zoomatic 
DRIVER /} camera. Gear “A” turns with the cam- 
| era’s spring motor, rotating gear “B” 
in the opposite direction. Pushing 
either the telephoto or wide-angle but- 
ton causes one of the driver gears to 
engage “A” or “B” and move the lens 
in or out. With the camera operating 
at normal speed, the switch takes place 
in six seconds; at slow-motion speed, 
it takes two seconds. 





Yet. oS 


Given a line to follow, the self-propelled Pup, built A wireless receiver frees this secretary from her attachmerit to 
by Davis Mfg. Inc., digs trenches around corners and the transcribing machine, permitting her to move around the 
obstacles. The 220-Ib, three-wheeled trencher is driven office without stopping to disconnect earphones. A transmit- 
by a six-speed winch mechanism. A centrifugal clutch ting antenna beams dictation to the tiny Teleset, which con- 
on its 3!4-hp engine prevents mishap if the Pup tains antenna, transistorized receiving circuit, and a 50-hr, re- 
encounters an object it can’t dig up. chargeable battery. Telefunken GmbH, Germany, makes it. 
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Zinc Die Castings Improve 


ADVANCES in zinc die casting 
were reflected by designs sub- 
mitted in the New Jersey Zinc Co. 
contest to find the “casting of the 
year.” First prize was copped by 
the A & A Die Casting Co.’s vacu- 
um chamber for a high-speed Am- 
pex tape handler. Previously ma- 
chined from aluminum, the part 
contains 515 cored holes and wall 
thicknesses vary from 0.025 to 0.175 
in. Two 0.007-in. slots, running al- 
most the entire length of the piece, 
were cast within 0.020 in. of the 
surface before milling. Casting the 
chamber saved 95 per cent of the 
machined-part cost, according to the 
manufacturer. Among the nine 
honorable mentions were: 


. combination electric can opener and knife sharpener, de- 


signed by Union Die Casting Co. 


The judges gave credit to 


this design because it utilized a maximum number of die-cast 
components in a complex assembly. 


. . « blower housing for an air-condi- 
tioned helmet, designed by Westland 
Die Casting Inc. The design was 
picked as an unusual example of duc- 
tility afforded by zinc alloys in blank- 
ing and forming operations. 


+ 
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Engineers’ Union 
Decertified at Sperry 


IUE-AFL-CIO Loses Bid 
For 3200 Engineers 


Great Neck, N. Y.—In an election 
held Sept. 8, engineers at Sperry 
Gyroscope Co. voted to decertify the 
Engineers Association, IUE-AFL- 
CIO, as a bargaining agent. The 
NLRB tally of ballots listed 1724 
nays, 1509 yeas. More than 90 per 
cent of those eligible voted. 

The 14-year-old Engineers Associ- 
ation had recently voted to affiliate 
with the IUE-AFL-CIO, which had 
two locals representing Sperry factory 
workers. Although the existing 
EA-negotiated contract for engineers 
had provided the right to vote on 
affiliation questions to everyone in 
the bargaining unit, the union re- 
fused to recognize that provision and 
held two elections restricted to union 
members. Some 59 per cent of 
those attending the elections were 
said to have voted for affiliation, 
but this number was estimated at 
only 12 per cent of the bargaining 
unit. 


Preliminary Skirmish 


Beginning on June 7, petitions ask- 
ing NLRB for a decertification elec- 
tion were circulated by a “grass- 
roots” Decertification Committee. On 
June 20, James B. Carey, president 
of IUE-AFL-CIO, addressed the af- 
filiated EA (now Local 445) and 
presented a charter. Later, during 
the campaign, a personal letter from 
Mr. Carey was received by many en- 
gineers in the bargaining unit and 
a $5000 campaign gift was made to 
EA by IUE-AFL-CIO. 

Approximately 1100 signers, more 
than the 30 per cent required, pe- 
titioned the NLRB, and the election 
was stipulated at an August 4th 
hearing. 

In the petition and election cam- 
paign, the Decertification Committee 
argued that the combination of all 
three IUE locals for negotiations in 
1961 would be used to force an 
“agency shop” contract that would 
require all engineering employees to 
pay dues for representation whether 
they wanted to or not. The Com- 
mittee said further that professional 
engineers, constituting a tiny per- 
centage of the 400,000 member IUE, 
would be forced to accept union 
goals inconsistent with their own 
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DO ..- design leadership 


Save Mounting Space 
and Installation Time 


with this... 


TEU NAN ED 
PUSH BUTTON 


A Compléle LINE OF OIL-TIGHT CONTROL UNITS 
Pn ——s 


Standard Button Mushroom Button Selector Switch Coin-operated 
Selecior Switch 


operated ‘ oi a | ae 
Satkeier Stop Button a: Push-to-Test 


i Lockout Start Button Pilot Light 
— Lockout Maintained Contact 
Attachment 


LE 
Selector Switch Wobble Stick 


with Gloved Operator Extended Guard 
Hand Operator Button 


a aa 
Neoprene 


Selector-Push Cap 4-Position Wide Range of Enclosures and 
Button Joystick Operator Contact Blocks Assembled Stations 


Pilot Light 


Selector Switch 
Padlock 
Attachment 


@ Push button and pilot 
light combined in one 
compact, oil-tight device 


t Button guard avail- 
able to prevent accidental 
operation 


@ Full range of voltage 
ratings 


® Choice of 6 colorcaps 


t Same single-hole 
mounting as other oil-tight 
units 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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best interests and that the EA union 
actually no longer represented a 
majority of the bargaining unit. 

The Decertification Committee 
also argued that the decertification 
would place the union on the same 
footing as other possible representa- 
tive groups and clear a way for trial 
of better approaches in engineering 
relations. 


Moral of the Story 


Following the election, the De- 
certification Committee made this 
statement: “Concentrated attention 
had been focused on the questions of 
engineering relations raised in the 
campaign. . . Mutual trust between 
management and engineers must be 
positively fostered or that trust will 
die. The growth in public responsi- 
bility and status of the engineering 
professions also appears to be based 
on the assumption of individual re- 
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No-Springs Relay for Printed Circuits 


Mating directly with printed circuit. conductors, the armature assembly is also 
the switch in a new space-saving relay. The assembly is held in position by a 
ceramic permanent magnet, and is switched (tilted) when an electromagnetic 
field opposes the normal field. Absence of mechanical linkages and return springs 
eliminates the major cause of relay failures, according to Executone Inc., Long 
Island City, N. Y. Exploded view (left) of a Printact relay shows a three-pole, 
double-throw printed contact, and illustrates simplicity of the assembly. A 20- 


sponsibility by each engineer. 

“The outcome of this vote, the 
fourth decertification of a large en- 
gineering tnion since 1957, demon- 
strates the deep desire of engineers 
in industry to find a truly dignified 
and professional framework for their 
situation in large-scale employ- 
ment.” 


For Rockets in Suspension 


Big coil springs made of 3 in. steel bar 
are used to stabilize ICBM missiles on 
their launching pads. Designed by the 
‘Union Spring Co., New Kensington, Pa., 
the springs are the largest ever made 
on a production basis. After coiling, 
heat-treating, and tempering, they are 
‘shot-peened to increase their fatigue 
life by 1000 per cent.™* RE 
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relay memory module (right) requires less than 50-cu in. of space. 





Re-entry environments . . . 

were simulated in testing a new co- 
lumbium (niobium) alloy at Ling- 
Temco Electronics Inc., Dallas. The 
project is in connection with the Air 
Force Refractory Metals Structural De- 
velopment Program, which involves 
fabrication and testing of a structural 
component under simulated re-entry 
conditions. The new alloy, F-48, is 
being welded and machined. Doyle 
Brooks, manager of Temco Missiles’ 
manufacturing research and develop- 
ment department, feels that eventually 
columbium alloys will be fabricated 
on regular production and assembly 
lines. 


Steels containing copper . . . 

exhiLit better fatigue properties than 
similar alloys without copper accord- 
ing to results of a recent National 
Bureau of Standards study for the 
Army’s Frankford Arsenal. Optimum 
strength with low tempering tempera- 
ture was found in those alloys which 
had 1.3 per cent copper by weight. 
The research suggested that the su- 
perior fatigue properties may be due 
to the precipitation of copper under 
the influence of the fluctuating stress. 
~Cxacks originated below the surface 
in 21 of the 32 specimens of the four 
best steels; “normal” cracks, originat- 
ing on the surface, occurred in all the 
other specimens. Over 350 specimens 





Metals Matters 


of 18 different steels (both commercial 
and experimental) were investigated. 


Breaking brittleness barrier . . . 
in intricate cast nickel-aluminum parts 
has been accomplished by using the 
alloy as a coating, electroplating it on 
more ductile metals, to take advan- 
tage of its corrosion resistance. The 
National Bureau of Standards, in a 
program sponsored by Wright Air De- 
velopment Center, developed a method 
for producing coatings which protect 
metals at temperatures up to 1000C. 
The most durable coating resulted 
from electroplating nickel over the 
base metal, then plating aluminum on 
the nickel at 700 C. 


Coloring titanium .. . 

by a new process developed by Hi- 
Shear Corp., Torrance, Calif., permits 
application of multiple colors to a 
single piece and does not use harmful 
dyes or paints. Coloring titanium parts 
—recommended by Hi-Shear for cod- 
ing or decoration—makes them resist- 
ant to chemical corrosion, salt spray 
and weathering; alleviates galling on 
nuts and bolts; and can produce an 
electrically conductive or nonconduc- 
tive coating. Color remains fast at 
temperatures up to 600 F, and printing 
has remained legible after extended 
exposure at 1000 F. 











ARMATURE 
RETURN 
SPRING 

‘ 
ARMATUR 


If you’re now using mechanical brakes 
or clutches, Haydon makes the oper- 
ating advantages of electrical types 
available, at a practical price. If you’re 
already using electrical clutches or 
brakes, Haydon offers you improved 
performance plus substantial savings. 
Write today for data sheets. 


TIMING MOTORS 
TIME AND TORQUE CONTROLS 


A NEW LINE OF 


‘Announcin 2 Fractional Horsepower 
ELECTRIC BRAKES 
and CLUTCHES 


offering you — 


HIGHER TORQUE PER UNIT SIZE THAN OTHER 
COMPARABLE MODELS 
HIGH QUALITY AND PERFORMANCE AT LOW COST 


These important advantages in both price and performance 
are the results of Haydon’s manufacturing know-how — 
plus development and use of improved magnetic materials. . 


Precision Haydon fractional horse r electric 
clutches and clutch couplings are in two 
diameter with 2 lb-in torque, and 1.725” diameter 
torque. Brakes and clutches are suppli 

standard. Control units are avai j 

development and will soon be available. 


y. 


HAYDON 
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Dynapak Tames Tungsten 


High-speed forming 
Key to ductile parts 


San Disco, Cauir.—Wayward tung- 
sten—noted for its unworkability— 
is being brought to heel by a high- 
speed forge that converts the metal 
into tough, ductile forgings and ex- 
trusions. 

Tests conducted with the machine, 
called Dynapak by its developer, 
Convair Div., General Dynamics 
Corp., indicate that when the metal 
is formed fast enough, a striking 
grain refinement occurs that reduces 
brittleness anc improves toughness. 
Further, while low-velocity presses 
are subjected to high wear and need 
expensive lubricants to increase dic 
life, high forming rates achieved by 
Dynapak reduce wear sharply and 
eliminate need for lubrication. 

Dynapak machines attain their 
high ram speeds by a unique pneu- 
matic system. The piston is held 
tight against an orifice plate by a 
relatively small pressure acting over 
the piston area. An O-ring prevents 
orifice pressure (2000 psi) from act- 
ing over the entire piston area. 

Forming starts when a “trigger” 
of higher-pressure gas lifts the pis- 


Ampeller 
/ p 


Fan Blows Harder Higher 


Forming speed is the key for tough forgings ....... 
High-speed pneumatic forge easily converts tungsten billet (left) into cup-shaped 
parts with finer surface details and much smoother finish than previously obtain- 


able. 


or brittle-metal extrusions 


Inside and outside of the cup are shown at center and on the right. 


The Dynapak method can also be used to extrude the brittle metal. This 6-in. 
long extrusion was formed from a billet 11/4 in. in diameter by 14/2 in. long. 


ton a fraction of an inch off the 
O-ring. The high-pressure gas floods 
the piston area, abruptly changing 


Constant air-mass flow, independent of altitude, is achieved with a fan and 
motor coupled by means of a magnetic constant-torque device. Use of the coup- 
ling that permits the impeller to rotate at 20 to 100 per cent of motor speed, 
results in a smaller fan motor, chosen for full-load rating at maximum altitude. 
More accurate heat-transfer calculations, based on the almost constant air flow, 
result in more efficient component operation, says Eastern Industries Inc., Hamp- 
den, Conn. The fan is expected to find use in airborne refrigeration units. 
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the balance of forces and driving 
the piston forward at a terrific speed. 
The workpiece goes with it. 


Meetings 
and Shows 


Oct. 9-12— 

American Society of Mechanical 
Engineers. Rubber and Plastics 
Conference to be held at the Law- 
rence Hotel, Erie, Pa. Further in- 
formation can be obtained from 
Meetings Dept., ASME, 29 W. 39th 
St., New York 18, N. Y. 


Oct. 9-14— 

American [Institute of Electrical 
Engineers. Fall General Meeting to 
be held at the Morrison Hotel, Chi- 
cago. Additional information is 
available from AIEE headquarters, 
33 W. 39th St., New York 18, N. Y. 


Oct. 10-11— 

Sixth Conference on Mechanisms 
to be held at Purdue University, 
Lafayette, Ind. Conference is spon- 


Macuine DesIcn 











two Tyees of Provides time delay or interval timing, opening or closing 
ms infatet aia TTRONT OR REAR OME OF More switches after an adjustable period of time — 
(IF REQUIRED) icy. a6 MOUNTED) and, in addition, offers you these advantages. 
EXCEPTIONAL VERSATILITY . . . results from modular construc- 
tion concept. One basic unit plus easily assembled standard 
parts provides 12 different variations to meet a very wide 
range of physical and electrical requirements. Reduces cost, 
speeds deliveries. 

LOWER COST . . . than other units of comparable capacity and 
quality, because of savings made possible by advanced de- 
sign and modular construction. 

souIRe») SIMPLE CONSTRUCTION . . . with fewer moving parts. This 
means greater dependability and contributes to lower pur- 
nse chase price without sacrificing quality and performance. 


OF DIAL FAces— URES han COMPACT . . . 4” shorter than the next smallest competitive 
OR REAR 
OUNTED) st VERSIONS) unit and 1” smaller than most competitive units. 











Supplied for rear or panel mounting, HIGHER RATED LOAD SWITCHES . . . with your choice of one 
the ACROTIMER line is designed for 15-amp or two 10-ump switches. 


operation at 120 to 240 vac, 50 or 60 = §pRING-TYPE CLUTCH . . . means negligible wear; longer life; 


cycles. Adjustable time ranges from 6 : 
seconds to 4 hours are available. For and faster, more positive engagement. 


complete information on these timers, 
write today for your free copy of the 
new Haydon ACROTIMER Catalog. 


DIVISION OF GENERAL 
HAYDON time coRPORATION 


TIMING MOTORS 3133 EAST ELM STREET 
TIME AND TORQUE CONTROLS TORRINGTON, CONNECTICUT 
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For Your Power Drive - Design - Application or Replacement Maintenance 


trere'sa = Ql CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you standard tie-rod air and hydraulic, to the 
a cylinder of either air or hydraulic exclusive T-J Spacemaker, and including 
application—with practically limitless the recently introduced Squair Head, 
design specifications for bore, stroke, T-J cylinders give you more features 
pressure range and even delivery for efficient, long-lasting operation. 


requirement. From the time-tested, Write today! 


TOMKINS: JOHNSON 
| ee | 


THE ONLY 
COMPLETE 





INEERIN ' 
ENG S H-47 for SM-&S6-3 for HSMS5-58-4 


CATALOG standard tie-rod for the T-J standard tie-rod the incomparable for the High- 
hydraulic cylinders. Squair Head air cylinders. Spacemaker Pressure Hydraulic 
LINE, TOO! cylinder. cylinder. Spacemaker cylinder. 


THE TOMKINS-JOHNSON CoO, #4ckson, mice. 


CYLINDERS ¢ MILLING CUTTERS ¢ RIVETERS and CLINCHERS Circle 420 on Page 19 





sored by Purdue and Macuine 
Desicn. Further information is 
available from Editor, MacHINE 
DesicN, Penton Bldg., Cleveland 
13, Ohio. 


Oct. 10-12— 

National Electronics Conference 
to be held at the Hotel Sherman, 
Chicago. Sponsors include American 
Institute of Electrical Engineers, In- 
stitute of Radio Engineers, Illinois 
Institute of Technology, North- 
western University, and University 
of Illinois. Further information 
can be obtained from NEC head- 
quarters, 228 N. La Salle St., Chi- 
cago I, IIl. 


Oct. 10-14— 

American Institute of Electrical 
Engineers. Fall General Meeting to 
be held at the Morrison Hotel, Chi- 
cago. Additional information can 
be obtained from AIEE, 33 W. 39th 
St., New York 18, N. Y. 


Oct. 10-14— 

Society of Automotive Engineers 
Inc. National Aeronautic Meeting, 
including manufacturing forum and 
engineering display, to be held at 
the Ambassador Hotel, Los Angeles. 
Additional information can be ob- 
tained from SAE headquarters, 485 
Lexington Ave., New York 17, N. Y. 


Oct. 12— 

Cast Bronze Bearing Institute. 
Annual Meeting to be held at the 
Grove Park Inn, Asheville, N. C. 
Further informatior: is available 
from the institute, 1604 Chicago 
Ave., Evanston, IIl. 


Oct. 12-14— 

American Vacuum Society. Sev- 
enth National Symposium to be 
held at the Cleveland-Sheraton Ho- 
tel, Cleveland. Further information 
is available from society headquar- 
ters, P. O. Box 1282, Boston 9, 
Mass. 


Oct. 12-14— 

Gray Iron Founders’ Society. 
32nd Annual Meeting to be held 
at the Netherland Hilton Hotel, 
Cincinnati. Further information is 
available from society headquarters, 
National City-E. Sixth Bldg., Cleve- 
land 13, Ohio. 


Oct. 13-15— 
Non-Ferrous Founders’ Society. 
Annual Meeting to be held at the 
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Grove Park Inn, Asheville, N. C. 
Further information can be obtained 
from society headquarters, 1604 
Chicago Ave., Evanston, IIl. 


Oct. 14-15— 

American Society for Quality 
Control. 15th Midwest Conference 
to be held at the Broadview Hotel, 
Wichita, Kans. Further informa- 
tion can be obtained from the pro- 
gram and publicity vice-chairman, 
Howard K. Mitchell, 602 S. Brook- 
side, Wichita 18, Kans. 


Oct. 16-22— 

Society of Motion Picture and 
Television Engineers. Fifth Inter- 
national Congress on High-Speed 
Photography to be at the Sheraton- 
Park Hotel, Washington, D. C. 
Additional information is available 
from Max Beard, Chief of Photo- 
graphic Div., U. S$. Naval Ordnance 
Laboratory, Silver Spring, Md. 


Oct. 17-19— 

The Magnesium Association. An- 
nual Convention to be hel at the 
Pick-Carter Hotel, Cleveland. Addi- 
tional information can be ‘obtained 


from association headquarters, 122 
E. 42nd St., New York 17, N. Y. 


Oct. 17-19— 

American Society of Mechanical 
Engineers — American Society of 
Lubricating Engineers. Lubrication 
Conference to be held at the Statler 
Hilton Hotel, Boston. Further infor- 
mation is available from Meetings 
Dept. ASME, 29 W. 39th St., New 
York 18, N. Y. 


(Please turn to Page 42) id 
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Learn a lot 
about design 
at the 


NEW 
METAL 
SHOW! 


“The problem of keeping abreast of new 
developments in t "s rapidly changing 
technology is swat The Metal 
Show, through its a@dio-visual presenta- 
tions of current advances in knowledge, 
presents a time-condensed package for 
those interested in 
metals engineering 
and processing."’ 


GENERAL MOTORS CORP. 


Center of metals and materials 
design technology — the 1960 
Philadelphia Metal Show! 
Here’s your opportunity to see, 
hear, learn and profit... to 
increase your design engineering 
knowledge in the world of metals. 
This year, a new emphasis on 
metals and materials, processes 
and techniques will create 
a Metal Show that’s truly 
exciting and different. You can 
see 300 exhibits and hear 250 
technical papers. Urge your friends 
to go — PLAN NOW TO ATTEND! 


October 17-21 


NATIONAL METAL / 
CONGRESS and |» 
EXPOSITION ~— 


Philadelphia Trade & Convention Center 





Sponsored by the 
AMERICAN SOCIETY FOR METALS 
Metals Park + Novelty, Ohio 
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MUELLER BRASS CO. PRODUCES 
SPECIFICATIONS. . .. REGARDLESS OF 


To obtain the desired physical and design requirements in a part at the 
lowest cost, there is usually one specific process by which that part can be 
most successfully and economically manufactured. Because the Mueller 
Brass Co. offers a variety of production methods, you get sound engineering, 
accurate production method analysis, our assurance of getting the best 
product at the lowest cost . . . regardless of metal specified or the size of 
your particular part. 


BRASS, BRONZE, ALUMINUM FORGINGS 


The two parts shown here dramatically illustrate the ability of the Mueller Brass Co. to produce precision 
forgings regardless of size or configuration. Both the tiny dental drill nozzle and the big heat exchanger shell 
hub, which is the largest of its kind ever produced, were forged to exacting specifications. The weight of the 
nozzle is only a few ounces while the shell hub weighs 40 lbs., and has a forged pocket 7'%.” in diameter and 
4%" deep. By way of size comparison, the pocket is big enough to hold over 14,000 of these tiny drill nozzles. 
By forging the pocket, considerable machining time and money was saved. The sound, dense structure of the 
shell hub makes it ideal for the high pres- 

sure application for which it was 

designed. The forging not only does 

the job better, but was produced 

for 25% less than the casting it 

replaced. Experience makes it 

possible for the Mueller Brass 

Co. to produce high quality 

precision forgings regardless of 

specifications . . . why not 

put this experience to 

work for you? 


—] (actuaL 


PART 
SIZE 


{ one-HALF SIZE 


ONE DEPENDABLE 


Write today for Engineering 
Bulletins on any of these Products. 


| SCREW MACHINE PRODUCTS venutniines dam: wien 


MUELLER BRASS CO. 
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PARTS ECONOMICALLY...TO EXACT 


METAL, METHOD OR SIZE... 


Pe OREN: IRAE BE BET ee ey AES AGT EEE COREA OF 





When you are designing, specifying or purchasing 
fabricated parts, call in the ‘Man From Mueller 
Brass Co.” to help lower costs and improve your 
products. Sales and engineering service is available 
to you at Mueller Brass Co. offices throughout the 
United States. Make Mueller Brass Co. your one 
dependable source for all your part needs. 


COLD PREST’ IMPACT EXTRUSIONS 


Today, because of vast experience in alloys, the Mueller Brass Co. has 
greatly expanded the possibilities of parts production by the impact 
extrusion method. Aluminum, of course, has been successfully used for a 
multitude of tubular shapes. But now it is also possible to impact 

parts of copper alloys incorporating such major advantages as: 

closer tolerances, better finish and appreciable metal 

savings. Because of dimensional accuracy possible 

with the impact extrusion, the necessity of secondary 

machining operations is often eliminated. 


The parts shown here are representative of the 
group now being economically produced as 
impact extrusions by the Mueller Brass Co. 
who offer complete engineering and design 
service in the development of new 

parts from copper base alloys. 


90-10 Copper Nickel Alloy 


E Low Phosphorus 
Special Alloy 902 © Copper Alloy 


Aluminum Alloy é 
6061 Tellurium Copper Alloy 
Oxygen Free High 
Conductivity Copper 


SOURCE FOR ALL THESE OTHER PRODUCTS 





STANDARD and 
SPECIAL ALLOY ROD 


PORT HURON 20, MICHIGAN 


FORMED COPPER TUBE 
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MUELLER BRASS CO. PRODUCES 
SPECIFICATIONS. . .. REGARDLESS OF 


To obtain the desired physical and design requirements in a part at the 
lowest cost, there is usually one specific process by which that part can be 
most successfully and economically manufactured. Because the Mueller 
Brass Co. offers a variety of production methods, you get sound engineering, 
accurate production method analysis, our assurance of getting the best 
product at the lowest cost . . . regardless of metal specified or the size of 
your particular part. 


BRASS, BRONZE, ALUMINUM FORGINGS 


The two parts shown here dramatically illustrate the ability of the Mueller Brass Co. to produce precision 
forgings regardless of size or configuration. Both the tiny dental drill nozzle and the big heat exchanger shell 
hub, which is the largest of its kind ever produced, were forged to exacting specifications. The weight of the 
nozzle is only a few ounces while the shell hub weighs 40 lbs., and has a forged pocket 7'%.” in diameter and 
4%" deep. By way of size comparison, the pocket is big enough to hold over 14,000 of these tiny drill nozzles. 
By forging the pocket, considerable machining time and money was saved. The sound, dense structure of the 
shell hub makes it ideal for the high pres- 

sure application for which it was 

designed. The forging not only does 

the job better, but was produced 

for 25% less than the casting it 

replaced. Experience makes it 

possible for the Mueller Brass 

Co. to produce high quality 

precision forgings regardless of 

specifications . . . why not 

put this experience to 

work for you? 


Write today for Engineering 
Bulletins on any of these Products. 
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When you are designing, specifying or purchasing 
fabricated parts, call in the ‘Man From Mueller 
Brass Co.” to help lower costs and improve your 
products. Sales and engineering service is available 
to you at Mueller Brass Co. offices throughout the 
United States. Make Mueller Brass Co. your one 
dependable source for all your part needs. 


COLD PREST’® IMPACT EXTRUSIONS 


Today, because of vast experience in alloys, the Mueller Brass Co. has 
greatly expanded the possibilities of parts production by the impact 
extrusion method. Aluminum, of course, has been successfully used for a 
multitude of tubular shapes. But now it is also possible to impact 

parts of copper alloys incorporating such major advantages as: 

closer tolerances, better finish and appreciable metal 

savings. Because of dimensional accuracy possible 

with the impact extrusion, the necessity of secondary 

machining operations is often eliminated. 


The parts shown here are representative of the 
group now being economically produced as 
impact extrusions by the Mueller Brass Co. 
who offer complete engineering and design 
service in the development of new 

parts from copper base alloys. 


90-10 Copper Nickel Alloy 


Low Phosphorus 
Special Alloy 902 } Copper Alloy 


Aluminum Alloy E 
6061 Tellurium Copper Alloy 
Oxygen Free High 
Conductivity Copper 


SOURCE FOR ALL THESE OTHER PRODUCTS 





STANDARD and 
SPECIAL ALLOY ROD 


PORT HURON 20, MICHIGAN 


FORMED COPPER TUBE 
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An RMC thermometer is shown below as 
installed in Atlantic Refinery’s Philadelphia 
Synthetic Ammonia Plant. RMC’s superior 
dampening process provides the stamina 
necessary to meet the sustained accuracy 


requirements of operations such as this. 


RMC dampening process insures 


sustained thermometer accuracy 


RMC dial thermometers are thoroughly dampened with silicone 
on the bimetal element and a special precision-machined bearing 
on the shaft. The combined use of this dampening bearing and 
silicone makes RMC thermometers extra resistant to shock 


and vibration. 


Facts you should know 
about proper dampening 
of bimetal thermometers 


It is generally assumed that bimetal 
dial thermometers are dampened 
merely to prevent pointer oscillation 
when used on vibrating equipment. 
True, the prevention of pointer 
oscillation is necessary, but there are 
more important reasons for the use 
of dampening. 

The primary reason is to preserve 
accurate calibration, especially in the 
lower temperature ranges where a 
thinner bimetal element is used. An 
undampened bimetal element, when 
subjected to shock or severe vibra- 
tion, would have a tendency to 
unwind slightly and throw the 
instrument out of calibration. 

To prevent this, RMC thermome- 
ters are dampened by a patented 
process in which the bimetal element 


is coated with silicone. The silicone 
provides permanent protection for 
the critical bimetal element, holding 
the coil in place and preventing any 
unwinding or shifting action—thus 
helping to maintain calibration 
accuracy. 

But RMC goes one step beyond 
silicone, with a specially designed 
bearing which even further dampens 
both shaft and coil. The bearing also 
serves as a better guide for 
the bimetal shaft to keep it 
perfectly aligned within the 
tube. Only RMC uses this 
extra dampening device in 
addition to silicone and the 
usual guide bearings. 

It is the combined use of 
the special dampening bear- 
ing and silicone that makes 
RMC thermometers extra 
resistant to shock and vibra- 
tion. You get this only in 
RMC industrial thermom- 
eters. 


Write, wire or phone for general catalog. If yours is a 
special application, tell us your requirements—RMC 
engineers will work with you in solving it. Rochester 
Manufacturing Co., 229 Rockwood St., Rochester 10, 
N. Y. (Telephone: BRowning 1-2020). 


LIQUID LEVEL, TEMPERATURE and PRESSURE INSTRUMENTS 


ROCHESTER MANUFACTURING CO., INC., Rochester, N. Y. 
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(Continued from Page 39) 


Oct. 17-21— 

American Society for Metals. 
42nd National Metal Congress and 
Exposition to be held at the Trade 
and Convention Center and the 
Bellevue-Stratford Hotel, Philadel- 
phia. Further information can be 
obtained from ASM headquarters, 
Metals Park, Novelty, Ohio. 


Oct. 19— 

Fluid Power Society. First An- 
nual Meeting to be held at the Ho- 
tel Sherman, Chicago. Further in- 
formation can be obtained from so- 
ciety headquarters, 5595 N. Holly- 
wood Ave., Milwaukee 17, Wis. 


Oct. 19-21— 

Society for Experimental Stress 
Analysis. Annual Meeting to be 
held at the Hotel Claremont, Berke- 
ley, Calif. Further information can 
be obtained from SESA headquar- 
ters, P. O. Box 168, Cambridge 39, 
Mass. 


Oct. 24-25— 

American Society of Mechanical 
Engineers - American Institute of 
Mining, Metallurgical and Petrole- 
um Engineers. Fuels Conference 
to be held at the Daniel Boone 
Hotel, Charleston, W. Va. Further 
information can be obtained from 
ASME, 29 W. 39th St., New York 
18, N. Y. 


Oct. 25-27— 

Society of Automotive Engineers 
Inc. National Transportation Meet- 
ing to be held at the Hotel Leam- 
ington, Minneapolis. Additional in- 
formation is available from SAE, 
485 Lexington Ave., New York 17, 
N. Y. 


Oct. 26-28— 

American Institute of Electrical 
Engineers-Institute of Radio Engi- 
neers. Fifth Annual Conference on 
Non-Linear Magnetics and Mag- 
netic Amplifiers to be held at the 
Bellevue-Stratford Hotel, Philadel- 
phia. Further information can be 
obtained from AIEE, 33 W. 39th St., 
New York 18, N. Y. 


Oct. 27-29— 
Aircraft Electrical Society. Indus- 
try Display to be held at the Pan 
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Pacific Auditorium, Los Angeles. 
Additional information is available 
from society headquarters, 3540 
Wilshire Blvd., Los Angeles, Calif. 


Oct. 27-30— 

American Society of Industrial 
Designers. Sixteenth Annual Con- 
ference to be held at the Edgewater 
Beach Hotel, Chicago. Further in- 
formation is available from society 
headquarters, 15 E 48th St., New 
York 17, N. Y. 


Short Courses 
and Symposia 


Oct. 6-8— 

American Society for Quality 
Control Workshop-Seminar to be 
held at the Statler Hilton Hotel, 
St. Louis. Further information can 
be obtained from Fourth ASOC 
Workshop-Seminar, ASQC, 161 W. 
Wisconsin Ave., Milwaukee 3, Wis. 


Oct. 14-15— 

Symposium on recent advances in 
the technology of photographic 
rapid processing to be held in Wash- 
ington, D. C. Sponsor is the Society 
of Photographic Scientists & Engi- 
neers, and the symposium will be 
held in co-operation with the Fifth 
International Congress on High- 
Speed Photography. Further infor- 
mation is available from SPSE, Box 
1609, Main Post Office, Washing- 
ton, D. C. 


Oct. 20-21— 

National Symposium on Hyper- 
velocity Techniques, sponsored by 
the Institute of the Aeronautical 
Sciences, to be held at the Shirley- 
Savoy Hotel, Denver. Additional 
information can be obtained from 
IAS headquarters, 2 E. 64th St., 
New York 21, N. Y. 


Oct. 26-27— 

Computer Applications Sympo- 
sium, sponsored by Armour Re- 
search Foundation, to be held at the 
Morrison Hotel, Chicago. Addi- 
tional information is available from 
Andrew Ungar, Conference Pro- 
gram Chairman, Armour Research 
Foundation, 10 W. 35th St., Chica- 
go 16, Il. 
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The photograph below shows RMC Pres- 
sure Gauges undergoing severe vibration 
testing on big Calidyne High Frequency 
Vibration Test System. These gauges undergo 
accelerated tests from 0-2000 CPS—up to 
25 G intensity and up to 350° F. 


RMC direct-drive Pressure Gauge 
eliminates vibration problems 


The RMC direct-drive Pressure Gauge is rugged and resilient. It is 
the first direct-drive helical bourdon gauge—inlet pressure acts 
directly on a helical bourdon to drive the pointer. The helical coil, as 
a simple spring, is resilient and fully balanced, and is not affected 
by shock or vibration. 


With its direct drive, there are no gears or linkage to gyrate and 
score on vibration—no unbalanced bourdon “C” springs and hair 
springs to whip. Direct-drive action means a stable pointer—no loss 
of power, too. Pointer action of the RMC gauge is steady, positive 
and alive—no need to tap the gauge to read. Soft hair springs and 
backlash springs are not used. 


Shown at far right is the pointer-coil unit used 
in 3” and 5” concentric models. The pointer in 
these models is attached directly to the end of 
the pressure element. At the near right is a 
cutaway view of the compact 114” and 
2” eccentric models. The pointer in these 
models is actuated directly by a simple 
pivot. Both types offer the same direct- 
drive, helical bourdon advantages. Pres- 
sure ranges from 0-1000 to 0-10,000 psi. 


Write, wire or phone for general catalog. If yours is a 
special application, tell us your requirements—RMC 
engineers will work with you in solving it. Rochester 
Manufacturing Co., 229 Rockwood St., Rochester 10, 
N. Y. (Telephone: BRowning 1-2020). 


LIQUID LEVEL, TEMPERATURE and PRESSURE INSTRUMENTS 


ROCHESTER MANUFACTURING CO., INC., Rochester, N.Y. 
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Webster hydraulics raise production, lower costs 


Two ton push-up! Second story operators like 
this powerful lift truck speed material handling 
and construction — save time, money. Thanks 
to hydraulics! Fingertip control raises the 
load, lowers it — tilts it forward or back. And 
a Webster Directional Control Valve channels 
the action. Deftly. Accurately. 

Where space is at a premium — this versatile 
valve fits in. It’s the smallest size for rating! 
Operating pressures range to 2000 psi, shock 
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pressures to 5000 psi... with lowest back pres- 
sure. Inlet and outlet connections can be made 
from the same end to simplify hook up. And 
it’s provided with alternate porting positions. 
Sizes from single spool to 6 spools; capacities 
from 20 to 40 gpm. Parallel design permits 
control of up to 6 independent circuits ! 

Build construction equipment? Machines for 
industry or agriculture? Keep this Webster 
Directional Control Valve in mind. 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 
RACINE-WiS 


STACK TYPE 

DIRECTIONAL CONTROL VALVE 

Bulletin HY 1 contains complete engineering 
data — installation, performance, 
specifications. Write for it! 
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Tailor-made Assemblies— 


NEW ANACONDA TYPE T4 HOSE OF 
TEFLON WITH REUSABLE FITTINGS 


Now you can get stainless steel wire-braided hose as- 
semblies of Teflon from your local Anaconda distrib- 
utor. He can make them up to your exact needs in a 
matter of minutes, using simple hand tools. It’s fast 
and easy. 


Type T4 Hose takes the roughest service. The flexible 
core is tough virgin Teflon. It’s reinforced with stainless 
steel wire braid for added strength. Reusable fittings 
for Anaconda Type T4 Hose are designed to withstand 
high working pressures and temperatures. 


It’s easy to attach, detach, 
and reuse Type T4 Fit- 
tings. All you need is a 
vise and a wrench. 


*Dupont Trade rark 


ANACONDA 


METAL HOSE 


Where you can use Anaconda Type T4 Hose. Use it for 
general industrial uses to handle hydraulic and corro- 
sive fluids, hot tar, steam, air, fuel, food, lubricants and 
gas — within a temperature range of —65° F through 
450° F. 

Anaconda Type T4 Hose is available in 1%-inch 
through 14-inch actual inside diameters. Standard fit- 
tings for Type T4 Hose are available in cadmium-plated 
brass, N. P. T. males. To find out more about how this 
new assembly can help simplify your maintenance 
work, fill out the coupon and mail it today. 


Anaconda Metal Hose 
P. O. Box 791, Waterbury 20, Conn. 


Please send me more details about New Anaconda Type T4 Hose 
and Type T4 Fittings. 
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Name your load and speed combinations 


f= 


We'll fit these bearings—or special types and sizes to your special needs. 
Just fill in your application problem below — attach to your letterhead and mail. 


THE SCHATZ MANUFACTURING COMPANY, Poughkeepsie, N.Y. OPERATING CONDITIONS 





Here's our bearing problem. What do you suggest? 
SPECIAL CONDITIONS. 











LOAD (radial, thrust or both). 
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Schatz makes the most varied line 
of Ball Bearings to fit your needs 





“Functional Precision” Ball Bearings—BR series 


One piece race type with ball cage. Designed to give all the 
precision you require under certain ratios of load, speed and life 
expectancy. Available in open type, single or double shielded, 
single or double sealed with Schatz patented low friction plastic 


seal. Or with one shield and one seal on special order. 


23 sizes from*/is_ to 1’ —6 types in each size + specials 





UNGROUND BALL BEARINGS “TYPE A’ —Every standard type—radial, 
thrust and radial thrust. 


GROUND BALL BEARINGS “TYPE B’’— Used and recommended where 
greater accuracy and smoother running qualities are needed and where 
loads are heavier and speeds higher. 


1033 sizes to match your Bearing Application Needs 


a On ns + We By ay | 0° 8" Cotolog in SWEETS 


. THE SCHATZ MANUFACTURING COMPANY + Poughkeepsie, New York 
BALL BEARINGS i 
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Among the thousands of ‘‘hardware” 
products manufactured by the A. B. 
Chance Company of Centralia, Mo., 
are eyebolt castings for the electri- 
cal industry. These castings require 
a tough, high strength, corrosion re- 
sistant material with low electrical 
conductivity. Herculoy provided this 
unique combination of properties. 


Combining high strength, corrosion resistance 
and toughness: 


HERCULOY* 
SILICON BRONZE CASTING ALLOY 


Herculoy is an economical replacement for the costlier high 
tin content bronzes for many applications. It finishes to a rich 
golden color. Its strength is comparable to low and medium 
carbon steels. Its corrosion resistance is comparable to that 
of pure copper. Herculoy, with extremely low electrical con- 
ductivity, is also non-magnetic, easily worked hot, castable 
without the need for deoxidizing agents during melting. Write 
or call for new Herculoy literature: Federated Metals Division, 
American Smelting and Refining Company, 120 Broadway, 
New York 5, N. Y. Telephone REctor 2-9500, or call your near- 
est Federated sales office. 


*Patented by Revere Copper and Brass Incorporated; alloyed and marketed 
exclusively to the casting industry by Federated Metals Division. 
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FEDERATED METALS DIVISION 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA. 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 
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PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 


SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





A. O. Smith 
“BLANKETS” 


its line... 





HARD-RUNNING HORSES STAY HEALTHY 
WITH THERMOSEAL INSULATION ON ALL 
A. O. SMITH INTEGRALS & FRACTIONALS 


Protective coloring! The blankets on the 
horses of A. O. Smith are a “cool” green 
— cool because new Thermoseal insula- 
tion system can accommodate a signifi- 
cantly greater temperature rise...more 


horsepower in a smaller frame. This 
means extended life and dependable 
operation under the most adverse oper- 
ating conditions. 

All the horses of A. O. Smith have 
this blanket protection at no extra cost. 
For the complete story on Thermoseal, 
mail the coupon. 


protection wit 


THERMOSEAL insulation 


INSULATING VARNISH on all A. 0. Smith motors 
exceeds requirements for Class F, B and A 
ratings. This clear, thermosetting polyester 
also has high dielectric strength — maintains 
it under Class F as well as less severe condi- 
tions. High resistance to moisture, chemicals 
and oils — surpasses MIL-V-1137A require- 
ments for resistance to fresh water immersion 
and resistance to salt water and acid. 


Through arn 


A0.Smith 


ELECTRIC pan tise. ac 
Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. 


. @ better way 


SLOT AND PHASE INSULATION is of mylar 
type. Insensitive to moisture with high re- 
sistance to solvent and chemical attack. Die- 
lectric strength is greater than almost any 
known flexible insulating material . . . tensile 
strength is greatest of any plastic fiber. Oper- 
ating temperature range of -60° C to 150° C. 
All these qualities in a single film that won't 
dry out or become brittle with age. 


Thermoseal insulation. 


MAGNET WIRE INSULATION — Choice of two 
at no extra cost! Polyviny! for maximum mois- 
ture protection (standard unless specified 
otherwise). Or new Polyester for greatest ther- 
mal resistance (meets Class F specifications). 
Polyester type is outstanding in initial dielec- 
tric strength and retention of this property at 
operating temperatures and after exposure to 
humidity. 


eoee2eeeeoeoeeeee202602008080000808068600886802080 


Please send me comprehensive details on A. O. Smith 








Firm 


Title 





Address. 





City. 





Zone State 
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GIANT TRANSPORTER FEATURING 
ACIPCO “WALKING BEAM ASSEMBLIES” WILL HELP... 


Saturn's conquest of space 


The moment draws near when America’s 
Saturn rocket will thunder into space. 
But in the meantime, elaborate ground 
preparations are now taking place. 

From the N.A.S.A. Marshall Space 
Flight Center in Huntsville, Alabama, 
via a circuitous land and water route to 
the launching site, the missile and its 
valuable cargo will be gently cradled on 
the huge transporter shown here. Acipco 
walking beam assemblies (upper left) 
are vital parts of this transporter. 


These rugged assemblies are con- 
structed of high strength alloy steel and 
comprise centrifugally spun and statically 
cast component parts... all produced 
at Acipco. Also, all precision machining 
and intricate fabrication work were done 
by skilled Acipco personnel. 

While your tubular product applica- 
tion may not be destined for outer space, 
Acipco’s production “know how” and 
complete “under one roof” facilities can 
assist you, too. Your inquiry is invited. 


/J\GrPco 


DIVISION = 
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SPECIAL PRODUCTS 
AMERICAN CAST IRON PIPE CO. 


BIRMINGHAM 2, ALABAMA 


MacHINE DesIGn 





Bete ome _— 











Official United States Navy Photograph 


When your fine pitch gears must be accurate 


When you work with fine pitch gears 
like those in this naval fire control unit 
differential, tolerances are critical. 

Tooth-to-tooth accuracy is extremely 
important to permit the guns to be 
sighted precisely on target. 

So where accuracy is really critical in 
the gears you make, Gleason can help 
you three ways: 

1. Machines that cut or grind 
any fine pitch gear 
You can produce any fine pitch gear— 
spiral bevel, hypoid, Zerol®, or Coni- 
flex®—exactly and economically with 
any of five Gleason machines. 

Three automatic gear-cutting genera- 
tors cover the entire field of cut fine 
pitch bevel gears up to 4144” diameter. 
Two automatic, wet-type grinders are 
available for this same range of work 


and produce the ultimate in accuracy. 
All five work to your most rigid speci- 
fications. 

2. Machines that test gears thoroughly 
The Gleason No. 104 Hypoid Tester, 
for example, checks running qualities, 
tooth spacing, and 
gears. It records test results on paper so 
that you have a permanent record of the 
total tooth-to-tooth composite error. 

3. Engineering services 

Gleason engineers are ready at all times 


concentricity of 


to help you with any phase of the design 
and manufacture of fine pitch gears. 

Simply write or phone for prompt 
assistance on any of your fine pitch gear 
requirements. 

Send for these bulletins: 

No. 2A Straight Bevel Coniflex® Generator 
No. 103Straight Bevel Coniflex®Generator 
No. 2 Hypoid Generator 
No. 105 Straight Bevel Coniflex® Grinder 
No. 7 Hypoid Grinder 
No. 104 Hypoid Tester 


1000 UNIVERSITY AVE., ROCHESTER 3,N.Y. 
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Analyze, Identify Source of Product Noise! 


Bruel & Kjaer AUDIO FREQUENCY SPECTROMETER 
and LEVEL RECORDER 


The spectrogram shown is a 1/3 octave analysis 
of the structure borne noise from a large air 
conditioning unit. The amplitude levels are plotted 
in true RMS values, an essential to accuracy in 
such complex signal analysis. 


The precise characteristic of the B & K 1/3 oc- 
tave filters readily distinguishes those frequencies 
that are the offenders in undesirable noise 
and vibration. 


B & K Model 3312 Spectrum Recorder. 

Consists of Model 2111 Spectrometer 

and 2305 Level Recorder. The B & K Model 3312 Spectrum Recorder is a rapid analysis 
system very well suited to product evaluation. It earmarks pure 
tones, beat notes and other noise or vibration characteristics, 
permitting quick identification and determination of those which 
must be modified or eliminated. 


B & K Model 3312 analyzes complex signal frequencies from 14 
c/s to 36,000 c/s and voltages from 5 Micro Volts to 1000 Volts. 


Gentlemen: 

Please send me 
|_| B & K Brochure on Model 3312 
[_] B & K Complete Line Catalog 








!? B & K INSTRUMENTS, Inc. 


od Gd OE S/ —«3012 W. 106 th STREET - CLEVELAND 11, OHIO » CLearwater 1-8430 
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Samson Spring Wire—an up-to-the-minute product of 
Keystone Steel & Wire Company, with modern per- 
formance characteristics—is available to fulfill every 
spring construction. 

Samson Spring Wire is custom made with the cor- 
rect finish, temper and tensile to fit each use. Users 
like the uniform size and coiling characteristics of 
Samson Spring Wire. 

We invite you to contact your Keystone represent- 
ative for complete details on Samson Spring Wire. 
Call him today—or write direct. 


Upholstery spring wire, coiling and © Spring wire for cross helical springs 
knotting quality and for short tension springs 


Upholstery spring wire for marshall © High cort iki Mes teleadies de 
i 2 braces 

Special upholstery spring wire for use 

in automatic coiling and knotting ® High carbon wire for cold rolling into 
machines border and brace sections 


Compnen Seng se ® Wire for severe crimping or clinching 
Special automatic lacing wire upholstery spring construction 


Keystone Steel & Wire Company 
Peoria 7, Illinois 





There are only four basic numbers in Fenwal’s new ‘500” 
Line of Electronic Temperature Controllers and Indicators. 
But they provide industry with a broad choice of instrumenta- 
tion not available elsewhere! 


For example, a packaging machine manufacturer might 
have the problem of controlling 6 heater blocks on a unit 
capable of sealing a variety of films. He’d want separate con- 
trol of each block — 3 “ON-OFF” and 8 proportioning — with 
remote adjustment of control. The Fenwal 536 Controller 
would give him all this. For indication during periodic checks, 
he’d simply add the 580 Indicator, Price? Extremely reasonable! 


* 
Pick a Again, a soap manufacturer might want either “ON-OFF” 
or proportioning control of four batch process tanks in sep- 
arate plant areas — with control and indication at each point. 
He’d choose the Fenwal 561 Indicating Controller — a stock 


Nu ! } \ber! unit. He’d have no mounting problems. And with thermistor 


sensors, use ordinary lead wire to the supervisory panel. As 
simple as that! 

Another manufacturer whose needs are only indication, 
might select the 582 Thermometer. And there are many modifi- 
cations and combinations possible. Why not make your choice 
from these “Smarter Looking Smarter Acting” Fenwal Instru- 
ments? Write for Bulletin MC-190. FENWAL INCORPORATED, 
1911 Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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Pump bearings of TEFLON’... submerged in 
nitric acid... work where iubrication is impossible 


Design engineer's problem: Given—a vertical centrifugal pump, 


to operate in a nitric acid environment, at 3,450 rpm; conven- 
tional lubrication impossible because of contamination prob- 
lems. To find—a bearing material, self-lubricating, to function 
under corrosive conditions for long periods of time. 

Solution: Pump bearings machined from pure, non-porous 
stock shapes of Du Pont TEFLON TFE-fluorocarbon resins, The 
exceptionally low coefficient of friction of TEFLON makes lu- 
brication unnecessary. And TEFLON resins are completely inert 
to virtually all chemicals, including nitric acid. In the cen- 
trifugal pump shown above, the two halves of the bearing are 
designed to open up at increasing speeds, providing free-float- 
ing bearing action. 


This is an example of the utility of bearings of TEFLON resins 
under circumstances where no other bearing material could 
work satisfactorily. But even where conditions are less ex- 
acting, the use of TEFLON resins in bearings insures longer serv- 
ice life, fewer maintenance and downtime problems . . . and 
eliminates the need for lubrication. On the following page 
you will find basic data on the performance characteristics of 
bearings of TEFLON and the ways in which they make possible 
cost-saving design improvements. 


TEFLON is Du Pont’s registered trademark for its family of 
fluorocarbon resins, including TFE (tetrafluoroethylene) 
resins and FEP ( fluorinated ethylene propylene) resin. 





How bearings of TEFLON’ 
help you solve design problems 
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TABLE 1 


UPPER SERVICE LIMITS OF VARIOUS 
CONSTRUCTIONS 


Load (psi) Velocity 
< 2 ft. per minute (ft./min.) 
Material velocity 100 psi load 
Unmodified TFE resins 500 25 
Compounded TFE resins 200 
Reinforced TFE resins 1,000 


Fabric of oriented 
fibers of a TFE resin 60 














Shaft Diameter Clearance 
(inches) (inches) 





003-.004 





004-.005 





.004-.006 





.008-.010 
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Properties of 
bearings of TEFLON 


TEFLON fluorocarbon resins have prop- 
erties which make them excellent ma- 
terials for journal and plane-surface 
bearings. Filled compositions and re- 
inforced constructions are usually used 
to tailor bearings of TEFLON for in- 
creased loads and velocities or high 
wear resistance. Among the major 
benefits that TEFLON resins offer as 
bearing materials are: 


1. Low coefficient of friction—The static 
coefficient of friction of TEFLON resins 
is even lower than the dynamic value. 
At high loads and low velocities, TEFLON 
resins have a lower friction than any 
other solid material . . . significantly 
lower than lubricated metal bearings. 
(See Figure 1 for static coefficients of 
friction of both TEFLON TFE resins 
and the new, melt-processible TEFLON 
FEP resin. The kinetic coefficients of 
friction vs. sliding speed at 73°F. are 
shown in Figure 2.) 


2. Temperature resistance—Bearings of 
TEFLON TFE resins have exceptional 
thermal stability and are suitable for 
continuous service up to 500°F. At 
-450°F, these resins show the same fric- 
tion that would be expected for similar 
conditions of load and velocity at 
room temperature. 


3. Chemical resistance—Bearings of 
TEFLON resins are completely resist- 
ant to virtually all chemicals and sol- 
vents. They have no moisture absorp- 
tion and are completely unaffected by 
outdoor exposure to weather. 


4. Other properties — Bearings of 
TEFLON resins are tough, abrasion re- 
sistant, and have the ability to embed 
hard foreign contaminates. 


WHERE TO USE 


Bearings made of TEFLON resins are 
being used where lubricated bearings 
are undesirable or incapable of oper- 
ation, in extreme temperatures or cor- 
rosive conditions, or where there is a 
possibility of lubricant failure. They 
are used where safety and reliability 
are essential. They are used near sub- 
stances that must not be contaminated; 
with non-lubricating liquids such as 
gasoline; with corrosive substances; at 
low or high temperatures where com- 
mon lubricants are useless; under ex- 
treme conditions of humidity; in areas 
where there is danger of fretting or gall- 
ing; where stick-slip motion is unde- 
sirable; where space or weight savings 
are essential. 


DESIGN CONSIDERATIONS 
Service Limits 


Unfilled TEFLON resins are used in light load, low 
PV factor bearings. For higher loads and speeds, 
bearings of reinforced constructions and filled 
compositions of TEFLON resins provide the in- 
creased compressive strength, thermal and 
dimensional stability, and wear resistance re- 
quired. See Table 1 for indications of the capa- 
bilities of various types of bearings of TEFLON 
TFE resins. 


Bearing Clearances 
The effect of clearances on wear and noise is 
not as critical for bearings of TEFLON as for 
bearings of metal because of the resiliency of 
TEFLON resins and their ability to conform to 
the geometry of the holder. The thickness of the 
TEFLON, type of filler or reinforcing and the bear- 
ing construction used often determine the clear- 
ance required. See Table 2 for examples of 
successful clearances in bearings of TEFLON. 


Surface Finishes 


The surface finish obtained by molding TEFLON 
resins is ordinarily adequate for bearing use. If 
the bearing is machined, a finish of 35 to 40 
micro inches (RMS) has tested satisfactorily. 
Although the finish of the shaft or mating mem- 
ber is less critical than with metal bearings, a 
shaft finish of 14 to 16 micro inches is preferred 
for very low wear. 


FOR MORE INFORMATION about the properties and uses of bearings of 
TEFLON and the new fact-filled booklet ‘Designing with TEFLON”, write to: E. I. 
du Pont de Nemours & Co. (Inc.), Polychemicals Department, T-25-9, Room 
2526, Nemours Building, Wilmington 98, Delaware. 

In Canada: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec. 
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BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 





OH YES-CHAINS! 


ALWAYS THE CENTER OF ACTIVITY—Jeffrey Chains help various 
industries keep materials on the move. For conveying materials and 
transmitting power, it’s a job for Jeffrey whether it is an above-or- 
below-ground operation. 

Shown is a typical Jeffrey chain application. Custom-built to meet 
conditions in an individual mine, all “Canton” track cleaners have 
this in common: Jeffrey chain is standard equipment. The chain drives 
the gathering conveyor that carries material rearward from the digger 
plate and side plows. It drives the boom conveyor that discharges 
into a tow car. 


Canton track cleaners clear mine roads at a fraction of the cost for 
hand loading, prevent derailments and consequent work stoppages. 
They save money for mine operators with fast clean up. 


Jeffrey chain was selected as a part of the “beefing up” in design 
to withstand extreme wear and stress. It may be the answer to your 
drive and conveyor problems. For fast service on your chain require- 
ments, call your nearest Jeffrey distributor. For a copy of Catalog 999 
describing Jeffrey chain, write The Jeffrey Manufacturing Company, 
798 North Fourth Street, Columbus 16, Ohio. 


(ONT ATT 
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Track cleaners by American Mine Door Company 
of Canton, Ohio, using Jeffrey chain, are working 
in all types of mines. 


Jeffrey chains, driving boom and gathering conveyors, 
were éspecially selected to meet this severe service. 


CONVEYING * PROCESSING + MINING EQUIPMENT... 
TRANSMISSION MACHINERY. . . CONTRACT MANUFACTURING 
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New CR104 push buttons help improve your machine appearance, cut your panel space at least 40%. 


FIRST COMPLETE LINE OF INDUSTRIAL 
MINIATURE OIL-TIGHT PUSH wut TONS 


® Push buttons @ Selector switches 
® Illuminated push buttons ®@ Indicating lights 
© Push-to-test lights 


Now you can design entire panels with 
miniature pushbutton units and cut your 
panel space requirements at least 40 per 
cent! General Electric announces the de- 
velopment and immediate availability 
of industry’s first complete Industrial 
Miniature Oil-tight Pushbutton line. 

This new CR104 line offers you the 
operating and functional units presently 
available in heavy-duty oil-tight forms 
-—with an attractive appearance that 
enhances the design of your machines. 
A wide variety of operators is avail- 
able, plus various modifications, special 
units, and nameplates to meet every 


operating requirement. Color coding is 
available in both operators and rings to 
provide you the flexibility of many dif- 
ferent color combinations. Also, enclo- 
sures and pendent stations are available 
to accommodate from four to 42 units. 


FOR MORE INFORMATION on this out- 
standing new development in control— 
and the “measurable advantages” it of- 
fers you—contact your nearby G-E Ap- 
paratus Sales Office, or write for Bulle- 
tin GEA-7127, General Electric Co., 
Schenectady 5, N. Y. 811-10 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


GENERAL @@ ELECTRIC 


SAVE PANEL SPACE. Twenty new General Elec- 
tric miniature units fit into the exact space re- 
quired foz nine heavy-duty oil-tight push buttons. 








WHAT DO YOU WANT 
TO BOND TO WHAT? 


Take a structural material—for instance, any 
of the materials shown to the right. Want to 
join it to itself or another material? Then 
chances are that SCOTCH-WELD® Brand 
Structural Adhesives are your best fabricat- 
ing answer. This modern high strength 
method of joining materials permits improved 
design and production techniques . . . cuts 
costs .. . offers unique benefits. 


For example: Smoother contours result when 
mechanical fasteners are eliminated. Fabri- 
cating complex shapes—often impossible or 
too expensive with ordinary fastenings—is 
made easy and economical with SCOTCH-WELD 
Adhesives. In fact, costly complex castings 
can often be replaced by two or more inex- 
pensive simple castings bonded together with 
SCOTCH-WELD Adhesives. And lighter gage 
materials may be used where desired, since 
stress is spread over a wide area. Often, too, 
inspection and production steps can be elimi- 
nated. Another benefit—unusual combina- 
tions of materials which can be joined in no 
other way can be bonded perfectly with 
SCOTCH-WELD Adhesives. 





Throughout the metalworking industry, 
bonding with SCOTCH-WELD Brand Structural 
Adhesives is improving quality, speeding 
production and cutting costs. 


SCOTCH-WELD Adhesives may be the answer 
to your design and production problems. . . 
and improve your product at the same time. 
For full information write on your company 
letterhead, outlining area of interest, to: AC&S 
Division, 3M Company, Dept. SBR-YO, 
St. Paul 6, Minn. “scotcx-weuo” is a Reg. T.M. of 3M Co. 


a, 


ADHESIVES, COATINGS AND SEALERS DIVISION 
Tianesora JUfinine ann ]VJANnuracturinG COMPANY 


«+ - WHERE RESEARCH IS THE KEY TO TOMORROW 
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Now! Pay less 
for fractional H.P. 
Induction motors 

with this new 

lower cost 

Howard model 


Howard offers a complete line of 


For typewriters, Business Machines, 

Tape Recorders, Record Players, Appliances... 
Quality construction afid performance 

at Lowest Prices! 


4 pole ratings from 15 milli-h.p. to 1/20 h.p. « ( 
Available in hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start models « 


3” diameter + Single or double shaft « Mounting and 

performance characteristics designed to your requirements « \ . 

Sturdiest frame in the small motor field 

Howard now has the privilege of offering this HOWARD 
powerful new top quality induction motor at almost 

shaded pole prices—an opportunity affording Mitten! © 
tremendous economies for manufacturers of a wide \ ; 

range of products. If you have an induction 

application in the works or a project in mind, send 

us your specifications and we'll rush you a sample. 


Check its construction and performance. . . 
then note the price. This is an extraordinary value, Write for samples and prices on this 


demanding your attention. Contact us today. new cost-cutting Induction moter 
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RATINGS FROM 1/1400 TO 1/4 H. P. 


Shown below is a representative selection of the Howard 
induction line. A wide range of standard motors and 
variations in synchronous, non-synchronous, hysteresis, 


torque and servo types is available for quick delivery. 
Send us details of your application—check with Howard 
before you specify. 


MODEL 2900 

TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
Induction. 

DIAMETER: 3-5/16". 

LENGTH: 4-25/32”" to 5-21/32" ball beor- 


ing. 
5-5/16" to 6-3/16" sleeve bearing. 
H.P.: *1/70 to 1/15. 
FULL LOAD TORQUE OZ. IN.: *10.0 to 30. 
BEARINGS: Bronze sleeve type with oil 
reservoirs, or permanently lubricated 
sealed and shielded ball bearings. 
*Dependent on type of motor used: i.e. 
Non-Synchronous Capacitor Motors, 
Standard synchronous, Motors, Hyster- 
esis Synchronous Motors. Torque Motors. 


MODEL 2500 

TYPE: 2 pole or 4 pole induction. 
DIAMETER: 2-9/16” square. 
LENGTH: 1-7/8" to 2-3/8". 
SPEED: *1200 to 3600 R.P.M. 

H.P.: 1/300 to 1/1400. 


BEARINGS: *Ball or sleeve. 


*Dependent on type of motor used, i.e. 
Non-Synchronous Capacitor Motors, 
Torque Motors, Standard Synchronous 
Motors, Hysteresis Synchronous Motors. 


MAXIMUM TORQUE OZ. IN.: *1.6 to 3.5. 


MODEL 9200 


TYPE: Induction, torque, synchronous 2, 
4, 6 or 8 poles, 25 to 60 cy single 
(capacitor) two or 3 phase. 

H.P.: 1/250 to 1/50 continuous or inter- 
mittent duty. 

R.P.M.: 910 to 3600. 

DIMENSIONS: 2-7/8" x 2-7/8” by 4-1/32” 
to 4-13/32". 

MOUNTING: Pad, resilient ring, face ex- 
tended bolts. 

BEARINGS: Porous bronze sleeve, (ball 








bearings available at request). 


fractional H.P. Induction Motors 


MODEL 3700 


TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
Induction. 


DIAMETER: 3-7/8". 

LENGTH: 5-1/16” to 5-11/16”. 

H.P.: *1/25 to 1/7. 

STARTING TORQUE: *13 oz. in. to 30 oz. 
in. 

BEARINGS: Porous bronze type with oil 
reservoir. 

*Dependent on type of motor used; i.e. 


Normal Induction Motor, Hysteresis Syn- 
chronous Motor. 


HOWARD INDUSTRIES, INC., 1735 State st., Racine, Wis., Telephone ME 2-2731; Teletype: RAC344 


Sales Offices: Cincinnati 2, O., 1077 Celestial St., PA 1-2985 
Chicago area: 576 Northwest Hwy., DesPlaines, Ill., VA 7-6173 Festus, Mo., 1049 Front St., YE 7-3606 
New York area; 157 Broad St., Redbank, N. J.., SH 1-3356 Los Angeles 36, 942 S. LaBrea Ave., WE 8-2444 


Representatives in Principal Cities—Consult Your Classified Phone Book 


Ene) ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION Cs) LOYD SCRUGGS COMPANY 
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There’s a lot to like in TAN-O-MITE® 


OHMITE 
TANTALUM SLUG CAPACITORS 











HAT-SHAPED TAN-O-MITE eo TS CAPACITORS 
CASE SIZE fs MORTIEC VOLTS 
r Mba AS tae eta 
et rts pale fel ets 4 
T3* 125 / 
*Styles Be Lie AE and pi cc Rag 
STRAIGHT-SIDE TAN-O-MITE SERIES TS CAPACITORS 


Tit | sus | 1.7] 125 | 85 ] 30 | 6.” 
tStyles CL64 Uninsulated and CL65 Insulated. 


FAST DELIVERY of MIL and stock values from 


tactory and distributors Send for Bulletin 159 


Rheostats Tap Switches 
Power Resistors Relays 
Precision Resistors R.F. Chokes 
Variable Transformers Germanium Diodes 
Tantalum Capacitors 


Micromodules 
OHMITE MANUFACTURING COMPANY _ 3618 Howard Street, Skokie, Illinois 
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Refer to any drawing in seconds 
with the Recorpak Film Reader 


SRECORDRK 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


IN CANADA contact Recordak of Canada Lid., Toronto 
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RECORDAK Precision Microfilming more than meets 
DOD requirements of 120 lines per mm resolution 
at 30 to I reduction ratio! 


Your drawings, blueprints, and intermediates—nega- 
tives or positives—are reproduced as needle-sharp 
images with remarkably uniform backgrounds on low- 
cost 35mm film. Mounting these superb reproductions 
on aperture cards gives you a drawing file that’s as 
dependable as it is automated! 


Makes reference easier! Your microfilms when viewed 
in Recorpak Film Reader are sharp and clear from 
top to bottom, side to side. Even the smallest detail is 


easy to see! 


Makes ‘‘printmaking’’ easier! These superior micro- 
film pictures also assure sharp and clear enlargement 
prints. They can be made directly from aperture cards 
by low-cost photographic, xerographic, or electrostatic 
methods. Duplicate “‘microfilm” cards for branches, 
vendors, government agencies can also be made for 
pennies apiece. 


Free booklet gives more details on REcoRDAK Precision 
Microfilming System available through Recordak and 
its nation-wide dealer organization. 


eeeeeeeees MAIL COUPON TODAY: ++++eeeee0 


RECORDAK CORPORATION DD-9 

415 Madison Ave., New York 17, NY. 
Gentlemen: Send free booklet describing new REcoRDAK 
Engineering Drawing System. No obligation whatsoever. 


Name 








Company 


Position 





Address. 





City Zone. State 





eeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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Another new development using 


B.EGoodrich Chemical «+ storia: 


Koomey blowout 

preventer controls 

manufactured by 

Stewart & Stevenson * 

Distributing Company, Houston, use bladders 
made of Hycar by Oteco Equipment 
Company, Houston. B.F. rich Chemical 
Company supplies the Hyear nitrile rubber. 


500,000 cycles prove toughness of 
accumulator bladder 


Hycar 


Before the bladder made of Hycar 
nitrile rubber shown above was ap- 
proved for use in accumulators like 
the one in the background, it was 
tested for more than half a million 
cycles under highest pressures— with 
no signs of failure. 

The toughness and resilience that 
even 500,000 cycles can’t affect is 
only one advantage provided by 
Hycar. Its unusual ability to resist 


deterioration provides longer, surer, 
safer operation for this and other 
oil field equipment. Hycar resists 
chemicals, oils and solvents that 
destroy ordinary rubber. 

Here’s another example of why it 
pays to specify Hycar everywhere 
in oil fields. For more information, 
write Dept. FO-5, B.F.Goodrich 
Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. Cable 


See our catalog in Sweet’s Product Design File. 


B.EGoodrich 
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address: Goodchemco. In Canada: 
Kitchener, Ontario. 


Hycer 


ng US Pat OF 


Rabb gy dl Lae 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON vinyls « HYCAR rubber and latex - GOOD-RITE chemicals and plasticizers 
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With over 10,000 caster types, sizes, and 
varieties in the Faultless line, The Casters you 
require to move your products efficiently, eco- 
nomically are available from this one source. 
Faultless makes all caster types, all caster 
sizes—light, medium, or heavy duty, plus spe- 
cial application casters. Each Faultless caster 
type or size, before it is marketed, goes 
through a complete series of tests in the ex- 
tensive Faultless Testing Laboratory. Thus, 
you are assured that each caster meets, or 
exceeds, published specifications. Faultless 
Caster Corporation is proud of its 70 years 
of producing Quality Casters and standing 
behind them in every way. 

Your Faultless Industrial Distributor, or nearby 

Faultless Sales Engineer can supply you with detailed 

information on the complete, quality-tested Faultless 


Caster line. Also, your Faultless Distributor stocks 
casters at his warehouse for immediate shipment. 


>... Caster Corporation 


EVANSVILLE 7, INDIANA 


Branch Offices in principal cities of the U.S.; 
see the Yellow Pages of the telephone book 
under “Casters.” Canada: Stratford, Ontario 


CHART 


FOR SPECIAL 
APPLICATION 
CASTERS 


Complete range of swivel and 


rigid casters also available. 


SPRING ACTION CASTER 


HOSPITAL STRETCHER CASTER SCAFFOLD CASTER 
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another tough problem solved with... 


REPUBLIC ELECTRUNITE 
MECHANICAL TUBING 


Republic’s tube making know-how and fabricating facili- 
ties combined to solve a tough problem for the Kuhlman 
Electric Company, Birmingham, Michigan. 

Kuhlman engineers wanted a material to meet the 
designs of the new Kuhlman “Quick-Grip” H.V. trans- 
former bushing that would reduce radio noise without oil. 
They preferred the part supplied as a finished product. 

A bushing sleeve made of Republic ELECTRUNITE 
Carbon Steel Mechanical Tubing, 2%” O.D., 10-gage, was 
the answer. The sleeve is approximately 3” long and has a 
chamfer on one end. Holes are punched on circumference, 
and the other end of the tubing is expanded. Coarse 
threads are cut in the expanded metal on an automatic 
screw machine. 

This is a typical example of the flexibilities in fabrication 
of ELECTRUNITE. And Republic’s Steel and Tubes Divi- 
sion has the facilities, equipment, and “know-how” to 
fabricate all grades and types of ELECTRUNITE carbon 
and stainless steel tubing into whatever shapes your 
product requires. 

ELECTRUNITE is available in a wide range of sizes, 
gages, and wall thicknesses in both carbon and stainless 
steel. Call your Republic representative. Or, write direct. 
Use coupon below. 


The Kuhiman “Quick Grip” H.V. sleeve, 
made of Republic ELECTRUNITE Mechanical 
Tubing, is a feature of the K-E Kuhlman 
Transformer, engineered and manufac- 
tured by the Kuhiman Electric Company, 
Birmingham, Michigan, 
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REPUBLIC NYLOK NUTS proved to be the solution for fast production 
and plus-safety features in the manufacture of an automobile steering 
mechanism, shown above. NYLOK nuts are ideal for automatic feeding, 
and give permanent, vibration-proof lock. Easy adjustment and re-use 
assured by permanent resiliency of the nylon pellet. Can be easily 
backed-off for parts inspection and adjustment. Write for data. 


Circle 447 on Page 19 


REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING, Type 304, 412” O.D., was used 


to fabricate corona rings for a powerful East Coast Navy Radio Station, 
Despite the rather severe bend of the 15- and 20-foot rings, the fabricator 
reported no trouble whatsoever. The rings were made in three sections, 
ELECTRUNITE was bent to the correct radius. Three lugs were welded to each 
section, The ends were flared for the insertion of a plug used at the erection 
site to assemble the unit and suspend it from towers. ELECTRUNITE Stainless Steel 
Tubing and Pipe are available in most A..S.I. analyses from ¥%” O.D. to 5” 
O.D, Send for data. 
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REPUBLIC STEEL 
Worleli Widest Range 
Of Slandland, Stole and, Stole Frodo 























ccc nn nr nr rss ccc cscs cscs sca ss 


REPUBLIC CENTURY SERIES of high strength, stress-relieved, cold 
finished steel bars meet the needs of steel parts producers 
requiring high strength with varying degrees of machinability. 
Availoble in five grades—C-1144, C-1141, C-1151, C-1050, 
C-1045—with each grade having a minimum yield strength of 
100,000 psi. The CENTURY SERIES assures dimensional stability 
with excellent machinability, provides high mechanical proper- 
ties in a range of chemistries. Send for booklet. 


REPUBLIC STEEL CORPORATION 

DEPT. MD-9781 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send more information on the following products: 

O Republic ELECTRUNITE® Mechanical Tubing 

O Republic ELECTRUNITE Stainless Steel Mechanical Tubing 
O) Republic NYLOK Nuts 


0 Republic CENTURY SERIES Cold Finished Steel Bars 
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This special machine at Rocketdyne is designed so that angular adjustments 
of Bellows-Locke Drilling unit can be made in a vertical plane. Also visible 
is the Bellows Lubri-Air® Control unit (right) which cleans, lubricates and 


regulates the air supply. 


BELLOWS-LOCKE “Packaged” 


DRILLING UNITS 


PROVIDE A DOWN-TO-EARTH SOLUTION 


FOR ROCKETDYNE’S SPACE-AGE PROBLEM 


One of the most critical components of a liquid- 
propellant missile propulsion system is the fuel 
injector head, containing hundreds of very small 
holes, each of which must be highly accurate not 
only as to shape and size but also as to location, 
angle and finish. Because Rocketdyne, a Division 
of North American Aviation, Inc., is deeply in- 
volved in missile propulsion, both in the experi- 
mental phase and in the manufacture of engines 
which have reached the production stage, it must 
produce fuel injector heads in a wide variety of 
designs. 


To meet the special demands of accuracy and 
flexibility, Rocketdyne engineers designed special 
drilling machines, incorporating Bellows-Locke 
Model 5-E Drilling units. These compact, versatile 
work units are completely self-contained, will 


Thousands of users have found the 
Bellows-Locke Model 5-E the ideal solu- 
tion to their drilling problems. Chances 
are it can prove valuable to you, too. 
Write today for free Bulletin BL-5RA. 
Address Dept. MD-960, Bellows-Valvair, 


This machine is similar to the one in the main illustration, 
except that the Bellows-Locke Drilling unit is mounted in 
a horizontal plane. Work-holding fixture also indexes on 
horizontal axis. Between the two machines, any angular 
relationship between two or more holes can be produced. 


operate at any angle in any plane, and feature a 
built-in valve controlling an adjustable air powered 
rapid advance and retract as well as an adjustable, 
precision hydraulic feed. 


With the Bellows-Locke Drilling units, Rocketdyne 
holds tolerances to + 0.0005 inch on holes less 
than 0.080 inch in diameter, while on holes that 
size and larger tolerances are held to+ 0.001. 
Center distances between holes are held to + 0.003 
inch. Commonly, two holes are drilled at an angle 
to intercept a vertical hole at a given point. The 
tolerance on this intercept is + 0.001 inch and is 
held readily with the Bellows-Locke units. 


Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 





DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (iBEC) 
784-C 


Akron 9, Ohio. 
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NEW TEFLON 
BEARINGS 

for Non-lubricated 
Service 


| 
i 


Railroad truck bearings (top), carburetor bear 
ings (center), and saddle bearings for textile 
machinery (bottom)—fabricated from top-quality 
Teflon* stock by Garlock—offer performance 
unmatched by any other material. 


Now—new bearings of Tefion eliminate 
lubrication . . . resist extreme tempera- 
tures and reactive chemicals . .. drasti- 
cally reduce downtime. 


No finer combination of properties. Bear- 
ings of Teflon offer a lower coefficient 
of friction than any other solid ma- 
terial; they have exceptional thermal 
stability and are suitable for continu- 
ous service to +500°F; they are com- 
pletely resistant to nearly all chemicals 
and solvents; they are tough, abrasion- 
resistant, have no moisture absorption. 


Applied where safety and reliability are 
essential. Teflon is used as journal and 
thrust bearings, and on other sliding 
surfaces where lubricated bearings are 
undesirable, or incapable of operation 
in extreme temperatures or corrosive 
conditions, or where there is a possi- 
bility of lubricant failure. Teflon bear- 
ings afford unexcelled performance 
where slip-stick motion must be 
minimized . . . on reciprocating and 
oscillating systems where the lowest 
possible static friction must be at- 
tained . . . where space and weight 
savings are essential. 


Easily fabricated from high-quality Gar- 
lock stock shapes. Teflon bearings can 
be simply and economically made from 
standard Garlock tape, bar and rod 
stock available through local Garlock 
distributor outlets. Or, if you wish, 
Garlock will work to your exact 
specifications in furnishing bearings of 
all tolerances and size. Whatever the 
case, the key to best bearing perform- 
ance is through the use of Teflon stock 
shapes by Garlock. With years of 
experience in research and processing 
of plastics, Garlock is able to recom- 
mend and furnish exactly what you 
need, when you need it, and at the 
lowest possible cost. 


Find out more about Teflon bearings. 
Consult your local Garlock representa- 
tive at the nearest of the 26 Garlock 
sales offices and warehouses throughout 
the U.S. and Canada. 


Or, write for Plastics Catalog AD-177, 
Garlock Inc., Palmyra, New York. 


GA RLOC HK 
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Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 


Order from the Garlock 2,000 ... two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


*DuPont Trademark 





VICKERS SLASHES PRICE:!/3 
ON NEW 10 Ih /ft. MAGNECLUTCH 


a great new model, 
substantially 


improved 


in reliability 


and service /ife 


Skilful design and engineering have slashed the Torque independent of speed 


cost and weight of this new clutch one-third below Fast response 


that of the older 10 |b.-ft. model, at the same time Close control of torque through the entire 


increasing its efficiency and service life. Unexcelled operating range 
performance characteristics are identical with the The new Macnecwutcn* has been laboratory tested 


other MAGNECLUTCHEs in the Vickers line: for more than 10,000,000 on-off cycles, performing 


No wear on torque transmitting surfaces 
Smooth operation, without grab or chatter 


Full torque at zero slip, transmitted with 
100% efficiency 


surely and dependably all the way. It’s a great new 
addition to the Vickers MAGNECLUTCH line, which 
includes air cooled and water cooled models up to 


200 Ib.-ft. capacity. 


*Dry Magnetic Particle Clutch EPA 6100-4 


For complete data, write for NEW BULLETIN 6106-5. Watch for announcement of new 5 /b.-ft. MAGNECLUTCH 


VICKERS INCORPORATED 


DIVISION OF SKERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1881 LOCUST STREET SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: BOSTON (Rep.)—CEdar 5-6815 © CHICAGO—JUniper 8-2125 © CHICAGO (Distr.)—FRanklin 2-7272 
CLEVELAND—EDison 3-1355 ® DALLAS (Rep.)—EMerson 8-4655 © DENVER (Rep.)—MAin 3-7201 © DETROIT—TOwnsend 8-5100 © DETROIT 
(Distr.) —TRinity 4-1010 © GREENVILLE (Rep.)—CEdor 2-2421 ® LOS ANGELES—DAvenport 6-8550 © LOS ANGELES (Distr.)—MUtual 3144 
MILWAUKEE (Distr.) —ORchard 2-9220 © NEW YORK CITY —LEnox 9-1515 © PITTSBURGH (Rep.)—ATlantic 1-4692 © SAN FRANCISCO (Rep.)— 
JUniper 6-1860 © WASHINGTON, D. C.—EXecutive 3-2650 
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swing! stop! swing! 


4340 nickel alloy steel 


takes shock-loading in stride 


Every time the big Lima Type 2400 
turns to dig or dump, this 9”-diam- 
eter, 36”-long swing shaft of 4340 
nickel alloy steel transmits tremen- 
dous torque to a giant ring gear, 
to swing the rotating assembly 
smoothly and speedily. 


Through-hardening 4340 nickel 
alloy steel gives this swing shaft 
the strength, the toughness, the 
uniform hardness, to stand up to 
hundreds of swing-stop-swing 
cycles every working day. 


And because 4340 is readily ma- 
chined at high hardness, both spur 
pinion and spline are machined on 
the shaft after heat treatment. The 
resulting one-piece component pro- 
vides an extra measure of depend- 
ability; it permits splined mount- 
ing of gears on shafts with close, 
accurate fit, plus even distribution 
of shaft stresses. 


For your medium-to-heavy section 
parts, you'll find 4340 nickel alloy 
steel delivers the high mechanical 
properties that make for trouble- 
free performance in the toughest 
service. Available right off the 
shelf at Steel Service Centers, this 
versatile through-hardening steel 
is ready for immediate delivery in 
a wide selection of sizes. Other 
nickel alloy steels, possessing spe- 
cial properties for specialized appli- 
cations, are also widely available. 

Next time you’re faced with 
heavy wear and loading problems — 
such as in earth-moving equipment 
or motor-vehicle applications—re- 
member Nickel alloy steels. They 
can take it. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street dike, New York5, N.Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





BALL BEARING DESIGN NOTES 


Fafnir Ball Bearings with triple 
Plya-Seals help implement makers get 


Simpler, more efficient design 
in disc tillage equipment 


The use of prelubricated and sealed 
ball bearings has become wide- 
spread in farm equipment. Severe 
operating conditions make use of 
these ball bearings especially advan- 
tageous for farm service. 

At one time disc harrows, for ex- 
ample, used plain bearings exclu- 
sively. But exposure to all kinds of 
weather, and the heavy soil-packing 
conditions of disc harrow service 
brought on rapid bearing wear and 
increased drag. Frequent relubrica- 
tion was necessary. 

Working with farm implement 
makers on developing ball bearings 
for disc harrows, Fafnir engineers 
were faced with an extremely severe 
bearing sealing problem. Spacing of 
the discs could not be changed, al- 
though relocation of the hangers 
was permissible. The result was the 
development of Fafnir Tri-Ply-Seal 
Ball Bearings—a wide type bearing, 





prelubricated, and equipped with 
sets of triple Plya-Seals. 

Made of tough, flexible, Buna-N 
rubber impregnated fabric, these 
seals ride in firm, constant contact 
with the ground inner ring of the 
bearing. Dirt, moisture, and other 
contaminants are effectively sealed 
out, and the factory-packed lwbri- 
cant is sealed in. Bearing mainte- 
nance and service time are drasti- 
cally reduced; over-all efficiency is 
increased. In some actual applica- 
tions, the bearings have given 
trouble-free service for 12,000 hours. 

Manufacturers were quick to 
recognize the advantages of triple 
Plya-Seal design. In addition to sav- 
ing servicing time (no relubrication 
necessary) and cutting down on 
frictional drag, the bearings simplify 
hanger and spool design and allow 
increased clearance for trash. The 
spherically ground outside diameter 





of the bearings assures self-align- 
ment at mounting, eliminating 
bearing cramping. 

Fafnir engineers have helped 
manufacturers throughout industry 
meet bearing requirements and im- 
prove product performance. For in- 
formation about the ball bearings 
described here, or for help with 
problems you may have, contact the 
Fafnir Branch Office nearest you. Or 
write The Fafnir Bearing Company, 
New Britain, Connecticut. 


Fafnir Tri-Ply-Seal Ball Bearings for 
round or square shafts feature triple Plya- 
Seals for protection against contaminants 
and loss of lubricant. 














BEFORE—An old-style, plain bearing used on 
disc harrows. Rapid wear, increased lubrica- 
tion, and increased drag reduced efficiency. 








AFTER* — Fafnir Tri-Ply-Seal Ball Bearings 
simplify spool design, increase bearing life, and 
cut down on maintenance and service time. 


*Although a cast iron housing is illustrated, in many applications Flangette mountings are preferred. 
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OILTIGHT LIMIT SWITCH PRECISION LIMIT SWITCH OMTIGHT CONTROL UNITS OILTIGHT CONTROL STATIONS 
Bulletin 802T with sealed heads _— Bulletin 802 oiltight. Responds Bulletin 800T. Choice of push Bulletin 800T for up to 16 units 
and bodies. Various operators. to very small operator travel. buttons, lights, and switches. in die cast aluminum enclosure. 


PNEUMATIC TIMERS ONLTIGHT PRESSURE CONTROL STANDARD DUTY PUSH BUTTONS FOOT SWITCH 
Bulletin 849. Reliable and accu- _ Bulletin 836. For hydraulic sys- _—_ Bulletin 800. Up to three units, Bulletin 805. In rugged die cast 
rate. For on-delay or off-delay. tems with pressures to 5000 psi. also pilot lights and switches. housing for toughest service. 


ALLEN -BRADLEY © woror’ 


CONTROL 


Allen-Bradley Co., 1333 S. First St., Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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NICE LOW COST MINIATURE 
BEARINGS are unground bear- 
ings made to the highest quality 
standards and are designed to 
fill a growing need for inexpen- 
sive miniatures. They incorporate I TT Tete iad 
refinements of tolerance and _ ™\ ke ball grooves 
finish which permit their success- | r omy x 
ful use in many applications | a inal ype: companies 
heretofore requiring costly pre- 
cision miniature bearings. 
Many NICE miniature bearings 














*Solid outer race and 
solid inner race 


incorporate the revolutionary ACTUAL O.D. 3/16" No. 7261H—Cam follower roller on circuit breaker 


new Unibal construction. Unique arm of data processing machine . . . a small but 
Unibal design and patented man- vital component. An example of Unibal construc- 
ufacturing methods produce tion, its small size belies its ruggedness and dura- 


bearings of exceptional strength, bility under tough operating conditions. 


durability and smoothness of KY nibel FEATURES 


operation. 


No. 6035-1 — Rear support No. 6034-1 — Idler clutch No. 6713 — Gear support 
bearing for print wheel bearing on & mm motion bearing in parking meter 
carriage on electronic picture projector. mechanism. 

potentiometer. 

















ACTUAL O.D. 7/16” 


Snee, 
J No. 6172—Tuning condensor 


thrust bearing on electronic 
communication equipment. 











ACTUAL O.D. 5/16 ACTUAL O.D. 3/5 ACTUAL O.D..280 


Write for Prints and Engineering Data 


> 


NICE BALL BEARING COMPANY 


DIVISION OF CHANNING CORPORATION 
NICETOWN ‘PHILADELPHIA: PENNSYLVANIA 
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A MAJOR 


Unmasked... 


the true story. 
elm eelelneymprerieleiareys : 


The selection of insulation materials— 
Fe Vave mm dal-Muant-2eafelef-mmeop am cal-iae-lelelifer-bdlelareet-1a- 
basic factors in the performance of every 
electric motor. Yet their true significance 
has escaped many motor buyers... hidden 
by a mask of tricky trade names and claims 

r for ‘cure all” insulations that simply do 
; not exist. 

To thelp any motor buyer become a wiser 
buyer, Fairbanks-Morse has prepared these 
two new brochures. They separate the 

facts from the fiction about insulation sys- 
it i tems. They are based upon the authority of 

: Kolale Ma 'i-1-1e-Me) am ol ge) 0-10 Mm olg- (en dlol-t-Omm Aol] g-Mlels 
' the asking . . . write: Electrical Division, 
Fairbanks, Morse & Co., Freeport, lilinois. 









Selective 
insulation 
a i 


“PROCESS AND MATERIALS” 






“SELECTION AND APPLICATION” 


_FAIRBANKS-MORSE ELECTRIC MOTORS 
FROM % TO 10,000 HP 


Fairbanks, Morse 


‘BLE GeRICAL OfTVISion 


INDUSTRIAL: COMPONENT OF FAIRBANKS WHITNEY CORPORATION 


hut MESSINGER BEARINGS 
__ 000 Ute Drawing Board 












































a a i a re 


When design calls for bearings, it will pay to have a Messinger engineer 
“sit in” at the earliest stage. The result is very likely to include simpler design, 
lower manufacturing costs and greater efficiency of the planned product 
or equipment. 

Backed by nearly half a century of engineering experience, Messinger 
Bearings provide heavy capacities in smaller space and with less weight; 
assurance of long, trouble-free service life; and adaptability to the widest 
range of size and shape requirements. 


Consultation Invited Without Obligation 


Scitalignng, Theat Koller Secreee «=» MESSINGER (@R))) BEARINGS, Inc. 
er om en beeen ROLLER AND BALL BEARINGS SS=& FEATHERWEIGHT TO HEAVYWEIGHT 


Radial and Thrust Roller Bearings. D STREET ABOVE ERIE AVE. - PHILADELPHIA 24, PA. 


“X" Roller Bearings. “Featherweight” 
Ball Bearings. ‘Smoothing Industry’s Pathway for Nearly Half a Century’’ 
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Air-brake 
couplings of 


Du Pont 


DELRIN® 


D F S one of Du Pont’s versatile 
e ri n engineering materials 


cost less...weigh less 


By designing in a new material, Mid- 
land-Ross, Owosso, Michigan, pro- 
duced a better coupling, costing less. 
To make these rugged couplings, which 
are used on the air-brake systems of 
truck trailers, it took a material as 
durable as new Du Pont DELRIN acetal 
resin. For example, Midland-Ross’s 
tests require no leakage at 150 psi in- 
ternal pressure, no creep in the locking 
ramps under 500-lb. load for 24 hours 
at 200°F, and operability after 5,000 
breakaways. DELRIN easily passed 
these and other tough tests. 

DELRIN is lightweight and corrosion- 
resistant, its non-sparking qualities of- 
fer greater safety. The resilience and 


stiffness of DELRIN give strength, 
which allows the couplings to separate 
under excessive load before air hoses 
break. Because DELRIN can be readily 
molded with a ramp-type lock con- 
struction, troublesome lock ball jam- 
ming and spring breakage are elimi- 
nated. 

Versatile Du Pont DELRIN has al- 
ready been put to good use in hundreds 
of applications, including household 
items, telephone components, gear 
housings, plumbing fixtures, valveparts 
and clothing fitments. On the next page 
you will find some of the product im- 
provements made possible by the use 
of Du Pont DELRIN. 





Typical end-uses show how Delrin® is 
doing so many jobs once reserved for metals 


Long-wearing parking-brake 
cable pulleys of DELRIN are being 
used by a leading car manufac- 
turer. The full radius groove in 
DELRIN provides natural mating, 
maximum contact area with the 
cable . . . eliminates the cable 
pinching caused by split-typesteel 
pulleys. Pulleys have been tested 
under severe long-term conditions 
of high load and temperatures. 


In their Post-Rite® data indicator, the General 
Railway Signal Co., Rochester, N.Y., uses nine 
parts of DELRIN, molded by Control Molding 
Corp. These gears, cams and rollers function 
as a gear train that guides a printed tape to a 
view port upon electrical impulse. These in- 
dicators must operate without lubrication at 
high temperatures with minimum mainte- 
nance. Only DELRIN could provide the dimen- 
sional stability, light weight, low-friction op- 
eration required in long-term use. 


Consider the strength, stiffness, dimensional stability, resilience 
and abrasion resistance of DELRIN acetal resins. These properties 
are retained even under exposure to wide variations in tempera- 
ture, humidity, solvents and stress. Already hundreds of designs 
taking advantage of these properties and of the cost savings made 
possible by rapid injection molding have been specified or put into 
commercial production. We suggest that you investigate how 
DELRIN can be profitably used in the products you make and the 
products you use. Commercial processors and our own staff of 
technologists are ready to assist you. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. A-1 3 
Room 2507D Nemours Building, Wilmington 98, Delaware 
I am interested in evaluating DELRIN for the following use: 





Name 





Company. 


Position 





Street. 





City Zone 


State 





in Canada: Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 


one of Du Pont’s versatile 
engineering materials 


In an eight-stage submersible pump (two 
stages shown) precision-melded parts of 
DELRIN replace brass components ... . 
making possible improved performance, 
increased efficiency and a substantial cost 
saving. The Flint and Walling Mfg. Co., 
Kendallville, Ind., reports that DELRIN 
has given superior performance over brass 
in abrasion resistance and corrosion resist- 
ance and the prevention of mineral build- 
up... permits “top pump performance 
at bottom dollar prices.” 


POLYCHEMICALS DEPARTMENT 


®EG.u.5, PAT. OFF 


BETTER THINGS FOR BETTER LIVING 
. . THROUGH CHEMISTRY 


DELRIN 


Alathon Zytel 





Lucite 


REULAND MOTORS 


“Molded Horsepower’ to fit your equipment 


...M0 longer must you “make something do!” 


Just as a famous artist molds each illustration to his need... 
so, too, can you now have an electric motor exactly tailored to 
the needs of your equipment. Not just another motor that can 
be “made to fit” but a complete power package with all desired 
electrical and mechanical characteristics built right in. 


Reuland “Molded Horsepower” is a natural outgrowth of the 
famous “Xpandable” design idea originated by Reuland many 
years ago. Through this technique, motors, brakes, fluid 
couplings, gear reducers and similar devices are available in 
an almost unlimited number of combinations... all standard 


MODERN POWER FOR MODERN-DAY PRODUCTS 
... allin lightweight, cool-running aluminum frames! 


REULAND MOTORS <>- 
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units assembled within a single frame and tailored to your 
specific application. 


Only Reuland offers such a wide background of experience in 
tailored power packages. No wonder Reuland is also the 
“number one” supplier to many of the top original equipment 
manufacturers in America! 


Our new 8-page 
catalog, No. GS8-30-0, 
will come in handy. 
Sent complete with 
prices and engineering 
drawings on request. 


Refer to Sweet's Product Design, Section 5-a 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, Calif. 
EASTERN DIVISION: Howell, Mich. 
Distributors in all principal cities 


Circle 459 on Page 19 





Special purpose vehicles 
perferm more efficiently... give longer, 
dependable service...with 


§ ROCKWELL-STANDARD 


Driving Assemb 


For many years the Transmission and Axle Division of 
Rockwell-Standard has specialized in the design and 
production of components that help to assure superior 
performance for special purpose vehicles. We offer 
manufacturers a complete design, testing and produc- 
tion service. And we produce and sell only components, 
not the complete vehicle! 

The component you think “special”—and highly 
expensive and time-consuming to build — could well 
be a standard item in Rocltwell-Standard’s full line of 


lies 


driving assemblies and planetary axles, Hydra-Drives 
torque converters and power shift transmissions. 

If your needs call for a “custom” job, you can be sure 
Rockwell-Standard engineers can design it to exact 
specifications—and build it for less. For complete infor- 
mation about Rockwell-Standard’s full line of driving 
assemblies and planetary axles; Hydra-Drives torque 
converters and power shift transmissions, plus other 
components for special purpose vehicles write or call 
today. 





Anthor Fhodity,..| ROCKW 


ELL-S 


CORPO 


- Transmission and Axle Division, Detroit 32, Wired allet- ta) 
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write for ReaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-MD 


round body round body 
with resilient rings without resilient rings 


ey 
Fa. a 
oy 7 


Pe ] 


fos a4 


ratings from 1/100 to 1/3 horsepower 


rigid base mounting resilient base mounting 





ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R & M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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Service factors: 


UP 15 to 25% 


Motor costs: 


DOWN 10to35% 


. open motors with 


New Howellseal-protected open 
motors now do most jobs you’ve 


had to buy TEFC motors to do ¢ 1-125 hp., a.c 


. with higher service factors, 
lower motor costs. 

Howellseal encapsulation pro- 
tects windings and leads against ° All NEMA 
these conditions that are stand- designs 
ard-open-motor killers: Heat— 
open motor ventilation with en- © All 
closed motor protection; Chemi- 
cals—acids, salt, alkali, caustics, 
gases; Abrasives—carbon black, 
graphitic dusts, fine dirt and grit; 
Moisture—condensate, spray, 
splash. Howell Electric Motors 
Company, Howell, Michigan. a-2s53a 


¢ All mountings 


modifications 


No job too big, too small .. 
1/40-300 HP, A.C. MOTORS 


We work hand-in-hand with 
and for many of America’s lead- 
ing makers of motor-driven ma- 
chines and appliances. 

We supply top-quality motors, 
gearmotors, speed reducers, gen- 
erators . . . and we back them 
with top-notch development, 
manufacturing, application as- 
sistance . . . customer-serviced 
by men known for cooperation, 
ability, integrity. 

If you’re not one of our fast- 
growing number of ‘‘ Customer 


Bosses,’’ we'd like to work for you, 
too. Call your HOWELL MAN! 


A FEW PRODUCTS OF 
FIRMS WE WORK FOR: 


e Conveyors e Fans 

e Blowers e Floor 

« Business polishers 
machines e Machine toois 

eCompressors @Pumps  , s9i9a 
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STOP 3-phase 

motor burnouts 
with 

INHERENT PROTECTED 


Motor protection is built-in, 
tested, U/L approved. Self-pro- 
tected against conditions that up 
to now have caused 3-phase open 
motor failures. 


Cuts costs because machinery 
down-time is prevented, over- 
load current relays and 3-pole 
magnetic contactors may be elim- 
inated. As easy to install as 
ordinary motors. A product of 
Kingston-Conley, Inc., Plainfield, 
N.J....A Howell subsidiary 


electric motors company 
Offices in principal cities ...see YELLOW PAGES i 
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e second of a series 


WHAT YOUR HOWELL MAN 





represents and has to offer 


Another brief message to our host of friends who 
have contributed so importantly to our growth. 

Our corporate and product ‘‘Images’’ have changed 
vastly in the past few years. 

Howell now also offers you the combined broad 
motor lines of: The Ohio Electric Mfg. Company; 
Kingston-Conley, Inc.; The Leland Ohio Electric Co. 

Each is a leader in certain important areas. Each is 
known for certain outstanding products. Each has 
built on ideas, initiative, integrity. 

Consolidation is now completed. People, Plants, 
Products of four formerly separate enterprises are now 
ONE COMPANY .. . dedicated to continued high 
standards of service to American Industry. 

A few words about our: 


engineering 





Best evidence of any industrial supplier’s engineer- 
ing skill is “‘the company he keeps.”’ We are proud of the 
buyers we supply. Blue chip firms . . . we’ll show you 
the list. Howell ENGINEERING is noted for good 
application as well as good product development. It is 
one of the biggest values in your purchases from Howell. 


A-2921A 
HOWELL . 
SUBSIDIARIES 
PN 4 
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Hydraulic fluid, to operate the heavy-duty dual 
rams that insure safe, positive leveling of the 
combine, is carried by Gates Wire Braided 
Hydraulic Hose. Says Cliff Bailey, Chief Engi- 
neer, “Fast supply, savings, and above all, 
reliability have made Gates the Hydraulic hose 
for Harris and Harvesters Implements, Inc.” 





Harris Sidehill Harvester 
kept “on the level” 
with Gates Hydraulic Hose: 


ee 





Ever wonder how they 

harvest grain on steep hillsides? I 

Millions of bushels are reaped and threshed 
with the Harris 98 — a remarkable combine that . 
automatically levels itself even on grades up to 55%. This %}¥ | 
} 
} 
\j i ( 


\\ 


unique design insures side-to-side uniformity in the flow 
of straw and grain through the machine while the reaper 
follows the contour of the ground. 


The ingenious mechanism that makes the Harris 98 
the only machine of its kind, is operated by heavy duty 
hydraulic rams controlled through Gates Hydraulic Hose. 

Cliff Bailey, engineering department head of Har- 
vesters Implements Inc., Fresno, Calif., designers and 
builders of the Harris 98, says: 

“We began using Gates on the Sidehill four years ago 
because we found we could get orders filled fast and be- 
cause, above all, we must have absolute reliability in the 
hydraulic hose that keeps our giant machine upright even 
on 55% grades. Gates gives us that reliability as well as 
fast service.” a 


immediately available in all major markets, 
Gates Hydraulic Hose — built to meet or exceed SAE ‘ 1S 3 
specifications — is available nation-wide in wire-braided Gates Hydraulic Hose 
and horizontal-braided construction, in a complete range Made in a Full Range of Sizes 
of sizes for medium-pressure or high-pressure use. Ask 


your nearby Gates Sales Representative listed in the Yellow 
Pages for Gates Hydraulic Hose booklet, IH 43. 


The Mark of Specialized Research 


Medium-Pressure/High-Pressure 


TPA 468 


The Gates Rubber Company, Denver, Colorado 


Gates Rubber of Canada Ltd., Brantford, Ontario if Circle 466 on Page 19 








“ALCOA ALUMINUM SCREW MACHINE STOCK 
ALLOY 2011 CUTS YOUR UNIT COST!” 


Precision-made, high-volume screw machine parts cost 
less in aluminum 


Final cost of your machined component . . . material 
cost plus production cost . . . is lower with Alcoa Alloy 
2011-T3. That’s because this faster machining alloy cuts 
production time ... machines easier . . . can be held to 
close tolerances ... gives a bright, clean finish. And 
Alcoa® Aluminum 2011-T3 gives you three times as 
many parts per pound as other, heavier metals, for still 
more savings. By using Alcoa Aluminum 2011-T3 Screw 
Machine Stock you get all the inherent advantages of 
automatic screw machine products. 

Be sure to ask your Alcoa distributor or Alcoa sales 
office for your free Alcoa Conversion Calculator. It 
makes cost conversions from brass to aluminum quick, 
easy, finger-tip operations. Also get your free Alcoa 
Screw Machine Stock Estimating and Operating Data 
Book, the most comprehensive book of its kind in the 
screw machine field . . . packed with easy-to-find tech- 
nical data. 

You’ll want information, too, on other Alcoa screw 
machine alloys: 2017-T4 or -T451 for strength at low 
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cost, 2024-T4 or -T351 for strength with high produc- 
tion, and 6061-T6 or -T651 for superior finishes, excel- 
lent joining characteristics and extra corrosion resist- 
ance. Aluminum Company of America, 840-J Alcoa 
Building, Pittsburgh 19, Pa. 


ADDITIONAL BONUSES YOU GET 
WITH EVERY ALCOA ALLOY: 


Wide range of stock sizes for important price advantages. 
Guaranteed market for up to 60 per cent of your Alcoa 
Aluminum turnings and borings. 

Extensive mill and distributor inventories to meet all 
requirements. 

Chamfered ends at no extra cost. 

Specific 12-ft lengths at no extra cost (for rounds up to 
2%, in.; hexagons up to 2 in.). 


Warcoa ALUMINUM 


SCREW MACHINE STOCK 
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HP/LB* 


6 
co 


Model 
Series 


Displacement 


cu. in./rev. FT ited Lite Limited Life 





PV006 


3 


PV012 188 


es 
oo 
me) 
= 
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PV024 367 





PV039 
fo 


? 


g 
8 


g/8|8 
g|8\s 


PV062 
PV104 





PV163 
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*This is hydraulic output horsepower at 3000 ps 





The above table is important to anyone concerned with the selection of 
hydraulic pumps for future air or space vehicles. Note particularly the 
horsepower-to-weight ratios for both rated and limited ‘ife speeds. These 
are the highest known available at this time. 

But highest hp/Ib is only one of many advantages offered you by the 
new Vickers advanced design variable displacement pumps. Developed to 
meet the requirements of the new MIL-P-19692 specification, this new series 
has volumetric efficiencies of 96% to 98% over a pressure range of 500 to 
3000 psi .. . and has 4000 psi continuous operation capabilities. These 
pumps have faster response and improved contamination resistance; they 
have practically the same envelope as constant displacement units of equal 
output. The first five sizes are now being integrated into advanced aircraft 
and missile systems; the two larger sizes are in the development stage. 
Write for Bulletin A-5233 for additional information. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division — Engineering, Sales and Service Offices: 
ADMINISTRATIVE and ENGINEERING CENTER —Department 1430 + Detroit 32, Michigan 
TORRANCE, CALIFORNIA—3201 Lomita Bivd., P.O. Box 2003 « Torrance, Calif. 
Aero Hydraulics Division District Sales and Service Offices: 
Albertson, Long Island, N.Y., 882 Willis Ave. * Arlington, Texas, P. O. Box 213 
Seattle 4, Washington, 623 8th Ave. South « Washington 5, D.C., 624-7 Wyalt Bldg. 
8332 Additional Service facilities at: Miami Springs, Florida, 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit » TELETYPE “ROY” 1149 © CABLE: Videt 

OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., Lid.—Great West Road, Brentford, Middx, England 


Engineers and Builders of Fluid Power Equipment Since 192! 


Variable Hydraulic Motors using the Advanced Design 
Circle 468 on Page 19 Series concept are now under development. 


NEW FRACTIONAL HORSEPOWER SPEED-TROLS 


COMPACT 


WHERE IT COUNTS... 
AND LIGHTER TOO 


The new Sterling Fractional Speed-Trol has the 
shortest over-all length dimension in the industry 


hirer and is up to 15% lighter than competitive units. 


variable speeds 

from 4660 to 1.2 rpm; 

gp ye ES The new Fractional Speed-Trol retains the rugged 
durability famous in the Sterling line of integral 
variable speed drives and features larger pulley 


diameters for a cooler running, longer lasting belt. 


The new fractional unit may be foot mounted in 
any position, shaft low or shaft high, case upright 
or horizontal, shaft horizontal, vertical or “C” 
Flow or can be furnished with Type C bracket for 
face mounting directly to machinery. Important 
NEMA standard dimensions for shaft height and 
Now Fvestonst jé g diameter are retained to permit substitution with 


Speed-Trol 


is a variable ’ gs standard motors. 
speed gear oe 


motor, too. 
The Fractional unit is available in single phase, 


three phase; drip proof, totally enclosed, explosion 
proof. 


Get the full story about the new 
Sterling Fractional Horsepower Speed -Trol, 
write for Bulletin # 201. ELECTRIC MOTORS, INC. 


A Subsidiary of Hathaway Instruments, Inc. 
5401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA 
Offices and stocks in all principal cities. 
Over 400 distributors throughout the country to serve you. 
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MAINTAINING perfect piston rod alignment on thrust 
and return strokes is an engineering advantage of all 
O-M Air and Hydraulic Cylinders. But this is not the 
only reason why Design Engineers specify these com- 
ponents. For example, O-M Cylinders are all steel 
with bronze bearings . . . are cushioned to relieve 
piston shock . . . make full-power starts, and the 
length of each stroke can be held to the tolerance 
desired. In addition, O-M Cylinders can be mounted 
to deliver maximum performance in a horizontal, 
vertical or inclined position, and ports oriented to a 
convenient location. 

These and many other advantages of O-M Cylinders 
are covered in our 1960 Bulletins with construction 
and dimensional details, engineering drawings, capa- 
city chart and mounting data. For your copies, MAIL 
COUPON TODAY. 


Bulletin 101A —Internal Key Tie-Rodless-Type 
Cylinders. Air 150 psi; Hydraulic up to 1500 psi. 
Bulletin 105A—Improved Tie-Rod (Heavy Duty) 
Cylinders Hydraulic 2000 psi; 3000 psi non-shock. 
Bulletin 107—Automation (Heavy-Duty) Air Cyl- 
inder for 200 psi operation. 

Bulletin 108—Automation (Heavy-Duty) Hydraulic 
Cylinder—for 1000 psi operation. 
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ble in 1%" to 8 bores 
W " ety rods. Complete line of 
mounts snd Tlerchanseele parts. Immediate deliv- 
ery on most sizes. MAIL COUPON TODAY. 


earn semen eRe oe 
ORTMAN-MILLER MACHINE COMPANY 


7 143rd Street, Hammond, Indiana 
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Vacuum 


Melting 
Extracts 


impurities 


Improved soundness, better hot and cold workabil- 
ity, higher mechanical properties, cleaner metal with 
lower gas content—these are the characteristics of 
vacuum melted steels from Allegheny Ludlum. 
Typical of the metals produced by vacuum melting 
are Consutrode® steels and alloys. They provide out- 
standing cleanliness and homogeneity at minimum 
cost. These alloys, pioneered by Allegheny Ludlum, 
are available in the largest ingot sizes of any vacuum 
melting process—up to 20,000 Ib. ingots. This makes 
possible larger products of high quality in super 
alloys, stainless, tool, and low alloy steels. 
Consutrode alloys are made by vacuum remelting 
electrodes of a predetermined composition by an 
electric arc. The white heat of the arc—8000 F— 
breaks down many nonmetallics in the electrode. Con- 
siderable degasification, as well as substantial im- 
provement in cleanliness, is achieved by the furnace 
vacuum which removes the oxides and nitrides re- 


CRUCIBLE JACKET 


leased in melting of the electrode. 

Controlled solidification of the molten metal in a 
water-cooled crucible is a principal advantage of the 
consumable electrode vacuum process. This gives an 
exceptionally sound and homogeneous ingot. 

Other recently developed methods for improving 
steels and properties of the improved alloys are de- 
scribed in a new booklet, ““Modern Melting at 
Allegheny Ludlum.” It includes a description of Spe- 
cial Air Melted Steels, Invac alloys made by induction 
vacuum melting, Invacutrode alloys made by remelt- 
ing Invac electrode stock by the consumable electrode 
vacuum process, and Consutrode alloys. 

This new booklet is packed full of charts and 
grtaphs—a real help to anyone who must get the most 
out of metals. Ask your A-L representative for a copy 
or write: Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania, 
Address Dept. MD-9-2. 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 
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- ...fast, automatic 
positioning to 
+002” at Mach 6! 


Meetinc the most demanding requirements for automatic power 
transmission is a specialty of FAwickK Magnetic Clutches. Proof of 
superior performance is found at the world’s largest known Mach 6 
wind tunnel—at the U.S. Air Force’s Arnold Engineering Development 
Center—where only the finest systems and components are used to 
assure optimum conditions during testing of aerospace configurations, 


Here 160 Magneiics are integrated with an ultra-sensitive control 
system which establishes and maintains the internal contours needed to 
achieve simulated air pressure and velocity. As shown here, these 
contours are provided by flexible nozzle plates of stainless steel which 
form the tunnel’s top and bottom walls. Plates are positioned with 
80 ball-screw jacks each driven through two Magnetic Clutches, 


To set up a test, the master control is dialed to the desired Mach 
number, This sets 80 potentiometers, one at each jack station, to signal 
the necessary “‘extend”’ and “‘retract”’ action which establishes the 
correct nozzle aperture and plate curvatures. Changes in velocity are 
made during operation merely by changing the master dial settings. 

A feedback system immediately readjusts any portion of the nozzle 
forced out of position by pressure. 


Operation of this highly automated system depends on efficient 
power transmission. The Magnetics’ job is to actuate the jacks in 
response to the plate-positioning signals. They do it instantly ... 
and dependably . . . under all conditions of tunnel operation from 
Mach 1.5 to Mach 6... to an accuracy of + .002 inch! 


This is just one example of Magnetics in action. For detailed 


information on how they can fit into your automatic equipment 
designs, contact your- nearest FAWICK representative or the 
Home Office, Cleveland, Ohio. 
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Photos and information courtesy of ARO, Inc., 
a subsidiary of Sverdrup and Parcel, Inc. 


AIRFLEX DIVISION 
FAWICK CORPORATION 


9919 CLINTON ROAD e¢ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


INDUSTRIAL CLUTCHES AND BRAKES 











How are they doing down 


Nowadays they’re doing everything a lot easier, thanks to modern 
power-operated farm machinery. 

And farm machinery producers have learned that their lot can be 
a lot easier, too, when they specify Ostuco Tubing. That’s because 
there’s no compromising with custom-quality Ostuco Tubing. Con- 
sistently you receive the exact tubing you want — the size, length, 
grade — with the strength and tolerances you need. For machined 
parts, you get our recommended rough size guaranteed to clean up. 

In addition to these advantages, Ohio Seamless will fabricate 
tubular parts to your specification. Contact your nearest Ohio Seam- 
less representative, or send part drawings to the plant at Shelby, 
Ohio—Birthplace of the Seamless Steel Tube Industry in America. 


— Complimentary Copy of new Bulletin 
CS60 “‘Ostuco Steel Tubing” sent on 


Model illustrated built to 3.5 mm scale. request. 


OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company * SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing © Fabricating and Forging 
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How R/M helped develop unusual wet friction 
application for International Harvester 


the 22 ton, 230 hp TD-25 shown above, 


Can you imagine the friction problem 
created in braking and turning a crawler 
tractor like this? 


That’s the problem International Harvester 
engineers faced in 1948 when they designed 
the TD-24 crawler tractor. Plans called for 
a wet friction application in the steering 
system. Wet friction was pretty new in con- 
struction equipment 12 years ago. So it was 
natural that I.H. called on Raybestos- 
Manhattan’s friction “know-how.” 


Woven asbestos 


R/M friction specialists tackled the prob- 
lem and came up with an unusual shaped 
woven asbestos brake lining material. It 
has shown phenomenal resistance to wear 
under rugged service conditions. In fact, it 
was so successful that International Har- 
vester continues to use it in the Planet 
Power steering of such new tractors as 


Service, quality, competitive prices 


Only R/M manufactures all types of friction 
materials—your assurance of sound, un- 
biased recommendations on the material 
best for your needs. So next time you have 
a friction problem, why not see what R/M 
can do. Large field engineering staff and 
extensive laboratory facilities are all set to 
work for you. As one customer put it, “We 
get this extra service, yet prices are competi- 
tive; quality is uniformly high.” Call us— 
an R/M sales engineer 

can be at your desk 

within 24 hours. 


Want helpful engineering 
data on friction materials? 
Send now for R/M Bulletin 
501—no obligation. 


Photo courtesy International Harvester 


R/M woven asbestos brake linings for 
Planet Power steering—an independent 
two speed power-shift planetary trans- 
mission on each side of bevel gear and 
pinion. Each controlled by three discs for 
low and high ranges, pivot brake. Hy- 
draulic actuated brake shoe, lined with 
R/M material, stops selected discs; allows 
power to flow to the crawler track in that 
speed range. Splash and pressure lubri- 
cated; oil helps cool. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION: Bridgeport, Conn. « Chicago 31 « Cleveland 16 « Detroit 2 «+ Los Angeles 58 
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aluminum compressor steps up 


bulk transport pay loads 400 pounds 


The new Gardner-Denver Model ACH compressor 
— featuring aluminum construction —was specifi- 
cally designed for bulk transports equipped with 
pneumatic unloading systems. 


The lightweight design increases pay loads of 
powdered materials such as cement, flour, chemi- 
cals, grains, etc., by 400 pounds over conventional 
machines. This two-cylinder, single-stage, air- 
cooled compressor is 4 ft. wide, 2 ft. long and 244 
ft. high. It operates at 1750 rpm, and displaces 
321.1 cfm at 30 psi for continuous service ... at 40 
psi for intermittent service. 
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Wherever you mount the ACH, you get the 
weight-saving advantages of aluminum, plus 
Gardner-Denver quality engineering. It’s ideal, 
too, for stationary applications that require high- The all-new Model ACH compressor features: aluminum 
capacity, low-pressure air. For further information, heads and crankcase * aluminum cylinders with cast-in iron 


t Gard D . liners * V-belt or direct-connected drive * new high-speed 
contact your Gardner-Venver air compressor valves * tapered main bearings * forced-feed lubrication * deep 


specialist or write for Bulletin 1-1u. cooling fins. 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontario 
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Bundy can mass-fabricate 
practically anything 


Bundyweld®—the original double-walled steel tubing—is 
ideal for everything from simple bends to complex shapes 


The old adage, ‘Don’t count your chickens before they hatch,” is a good 
one... but it rarely applies to Bundy. That’s because, no matter how complex 
your tubing problem, you can count on Bundy for the perfect solution. 

Bundy engineers and designers are backed by years of experience in the 
mass-fabrication of steel tubing. And they are available to you at any stage of 
product development for time- and money-saving suggestions. Their key: 
Bundyweld@! 

Bundyweld steel tubing is double-walled, copper-brazed, stronger, with 
higher bursting and fatigue strengths. That makes Bundyweld the safety stand- 
ard in small-diameter tubing—and a wise choice for a wide variety of tubing 
applications! Meets ASTM-254 and Government Spec. MIL-T-3520, Type III. 

So, when you want to talk tubing, talk to the leader—Bundy! Phone, 
write, or wire Bundy Tubing Company, Detroit 14, Michigan. 





Bundyweld is the 
original tubing double- 
walled from a single 
couper-sneses steel 
strip, metallur; y 
boncled through 360" 
of wall contact for 
amazing strength, 
versatility. 


There’s no substitute for the original Bundyweld Tubing. 





Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


BUNDY TUBING COMPANY 


HOMETOWN, PA. © DETROIT 14, MICH. © WINCHESTER, KY. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, 
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after 17 years... 
replacement parts 


one handle ball! 





EXHAUST 


Human hands wore this metal handle ball 

to a fraction of its original size before the 

customer returned the valve to us for recon- 

ditioning. This high pressure hydraulic valve 

performed faithfully for nearly two decades 

with only such minor maintenance as 

replacement of “U” packing. We replaced the The Higher the Pressure 

handle bali, repacked it, cleaned it up, and The Tighter the Seal 

sent it back. This kind of trouble-free Cross-section view shows Hunt system 


service is typical of Hunt hydraulic valves. of “U" packing as opposed to “metal 
to metal”. “U” packing provides zero 
leakage on water hydraulic service. 

















Sub-Base Mounting Simplifies, 
Speeds Up Maintenance 


New sub-base mounting is now avail- 
3%” MS-551-N4 able on all Hunt hydraulic vaives. 
Easy, quick replacement for mainte- 
nance with no disconnecting of pipes. 
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New Working Tools 


LONG with this issue, you'll 
find a copy of The Fasteners 
Book — the first in a new 
reference series published by Ma- 
CHINE Desicn. And next year there 
will be four more—on seals, bear- 
ings, ferrous metals, and electric 
motors. 
Why are we publishing these 
Books? And what will you get 
from them? 


Each manual will be a blend of 
useful design data and commercial 
source-of-supply information. We 
hope each one will provide practical 
information to which you will refer 
regularly for engineering assistance. 

In the Books, we don’t intend to 
“cover the waterfront.” Many 
engineering problems still require 
the kind of comprehensive engi- 
neering data and analysis you find in 
regular Macuine Desicn issues. 


But in each area we do intend to 
provide the basic groundwork for 
solving the majority of practical, 
everyday engineering questions. 
You'll find: 1. Consolidated design 
and application information from 
widely scattered sources. 2. Data not 
available in common engineering 
literature. 3. Answers in a form 
directly usable by design engineers. 

Perhaps the best explanation of 
the service we'll try to provide you 
is contained in the phrase we've 
chosen as the keynote theme: “A 
Basic Reference Manual for Design 
Engineers.” We suggest you reserve 
several inches on your bookshelf for 
these new working tools. 
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Imitators could not 
escape the charge of in- 
fringing on a kerosene 
lamp improvement by 
producing parts only of 
the improved lamp. So 
ruled a Connecticut 
court 75 years ago. 
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Making unpatented parts, or even revealing confidential infor- 
mation, may constitute contributory infringement according to 
our new patent law which confirms the tough position American 
courts have taken toward patent infringers. 


ALBERT WOODRUFF GRAY CTION for infringement of an electric signal 
Forest Hills, N. Y. amplifier patent was brought before a federal 
appellate court for review recently. In their 
defense, the infringers asserted that all models made 
by them had been sold to the United States gov- 
ernment, and that under federal statutes, claims solely 
for compensation could be made against the gov- 
ernment in the Court of Claims. 

However, besides 32 amplifiers sold to the gov- 
ernment, investigation showed the infringers had sold 
11 others to private purchasers. Not only that, the 
equipment had been offered for sale and widely 
advertised in technical journals throughout the 
country. 

Reversing the decision of a lower court which had 
held that these few sales were negligible, the appel- 
late court said: 

By the granting of a valid patent the owner ob- 
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Whoever sells a component of a patented machine, manufacture, com- 
bination of composition, or a material or apparatus for use in prac- 
ticing a patented process, constituting a material part of the invention, 
knowing the same to be specially made or especially adapted for use 
in an infringement of such patent and not a staple article or commodity 
of commerce, suitable for substantial noninfringing use, shall be liable 
as a contributory infringer. —From federal patent statute enacted 1952. 


For nearly a century contributory infringement had been a feature of 
the judge-made law of this country but not until the enactment of 
this statute was it clearly codified. A Federal court in Connecticut in 
a decision rendered over seventy-five years ago outlined the rationale 
of the provision that was later to be em in this statute: 
“It cannot be that where a useful machine is patented as a combination 
of parts, two or more can engage in its construction and sale and 
tect themselves by showing that, though united in an effort to uce 
the same machine and sell it and bring it into extensive use, each makes 
and sells one part only, which is useless without the others and still 
another person, in precise conformity with the purpose in view, puts 
them er for use. 
y it were so, such patent would indeed be of little value. In Besa case 
all are wron gaged in a common to infringe the patent 
Sednetea that uh 


en 
and actually by their concerted action, 


tains an exclusive right not only to prevent use by 
another of his invention, but likewise, the making 
or the selling of the article, in the disjunctive. Just 
as the manufacture of one machine by the infringer 
is sufficient to make the manufacturer liable regard- 
less of use or sale, so one sale is sufficient. 

The mere manufacture of a patented article with- 
out sale is sufficient to create an infringement and 
even the threat to use patented subject matter may 
give a right to a cause of action. If this be so, how 
can we view these infringers’ sales appeals and the 
numerous paid advertisements as other than a threat 
to manufacture and sell infringing machines.* 


The present patent statute says, “Except as other- 
wise provided in this title, whoever without authority 
makes, uses, or sells any patented invention within 


‘References are tabulated at end of article. 
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the United States during the term of the patent 
therefor, infringes the patent.”” 

Not only direct duplication of a patented product 
is banned under the patent law, but the production 
of accessories or parts that contribute to such wrong. 

Patents for electric switches used on high-voltage 
transmission lines were held by a manufacturer in 
Hampton, Georgia. Some former employees of this 
company co-operated in the manufacture of cast- 
ings to be used in making copies of the switches. In 
a court action that followed, the point was made 
that the ex-employees of the company undoubtedly 
knew the castings were designed only for the manu- 
facture of these patented switches. In upholding the 
suit brought for infringement the court said: 


It having been shown that these castings had utility 
only in switches which they either knew constituted 











FRINGE INFRINGERS 





an infringement or should fairly be charged with 
such knowledge, their intent to engage in contribu- 
tory infringement was presumed, as a matter of 
course.® 


Another similar instance became the subject of 
two infringement suits by an electric manufacturing 
company. Transformers and condensers had been 
made by another company that were adapted for 
use only in superheterodyne receivers protected by 
a patent assigned to the plaintiff. These transformers 
had no commercial use in any other receiving sets 
than those of the patentee. 

In granting an injunction against the continued 
manufacture of these radio parts the lower court said, 


Superheterodyning with intermediate frequency am- 
plification was for the first time introduced to the 
art by the patents and intermediate frequency trans- 
formers were necessary to obtain the desired wave 
frequency. The record shows that the infringing 
transformers are tuned and matched for predeter- 
mined intermediate frequency in its circuit. Both 
of these manufacturers, in my opinion, may be held 
liable for contributory infringement in that they have 
made and sold radio parts of a special kind, namely, 
matched transformers, filtoformers, and other parts, 
for obtaining intermediate frequency.* 


In sustaining this decision of the lower court, the 
appellate court added this comment: 


Many valuable patents are combinations of unpatent- 
able elements. . . . furnishing parts . . . makes it 
possible for others to assemble and use the combina- 
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tions[,] and when a manufacturer by so manufac- 
turing and advertising, points out the way in which 
this can be done, and thus intentionally so acting, 
promotes infringement of patent rights, he becomes 
a contributory infringer. 


The court went on to dismiss attempts to give the 
appearance of noninfringement through spurious in- 
structions in these words: 


A device capable of an infringing use and sold with 
the intent that it shall be so used, is an infringement 
of the patent, even though the same device is capa- 
ble of noninfringing use, and even though there 
may be a form of instructions that it shall be used 
in a noninfringing way.® 

Futile attempts at creating smokescreens that 
would serve to conceal the real purpose by such di- 
rections for a noninfringing use, have been frequent- 
ly made and failed in their purpose. An outstand- 
ing example is an automobile chain grip that was 
held to infringe an existing patent for one of sub- 
stantially the same construction in spite of a caution 
to purchasers in an accompanying circular: 


You are cautioned to use these straps to avoid in- 
fringement of the Parsons patent. The purpose is 
to prevent the chain from moving or shifting its posi- 
tion around the periphery of the wheel. In using 
the tire chains be sure to attach these to the side 
chains, passing a strap around the rim, otherwise 
you may be held liable as an infringer. These chains 
are sold on condition of compliance with above 
directions. 


Infringement in violation of the patentee’s rights 


Former employees of a southern company 
attempted independently to make cast- 
ings for construction of a high-voltage 
switch patented by the company. A court 
ruling pointed out that since they surely 
knew these castings were to be used for 
infringing purposes the former employees 


were guilty of contributory infringement. 


Smokescreen for infringement of a tire- 
chain patent was a set of non-essential 
straps holding the chain to the rim. 
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Transformers built to the spec- 
ifications called for in this 
patented circuit were infringe- 
ments although there was 
nothing patentable about the 
transformers themselves. 























under the statute was pointed out by the court in its 
decision of an action based on the manufacture of 
these chains. 


It seems very clear to the court that if we may as- 
sume the patent is valid, it is in violation of the 
spirit of that patent and of the law that should pro- 
tect it, to permit this company to put upon the 
market an article which is capable of being used 
precisely as the patented article is used and which 
is, with the exception of some easily and readily 
discarded additions, a practical duplicate of the 
patented article.® 


When this rule (against the manufacture, use, or 
sale of unpatented components or accessories to pro- 
duce or camouflage copies of patented products) is 
applied to the repair of patented machinery the 
question immediately arises as to the extent of repairs 
that can be made in restoring the patented machine 
for use before such efforts become construction rather 
than repair, and hence infringement. 

Shortly before the passage of the present patent law 
it was charged in an infringement suit that cutters 
or “chasers” used in cutting threads were sold by 
a tool company for use in a patented thread-cutting 
combination machine. The court in its decision de- 
fined the distinction between repair, for which no 
charge of infringement can be made, and recon- 
struction that falls within that ban. 


The more practical distinction rests upon a determi- 
nation whether the new parts so dominated the 
structural substance of the whole patented combina- 
tion as to justify the conclusion that it has been 
made anew. If it does there is a rebuilding or re- 
construction and conversely, where the original parts 
after replacement are so large a part of the whole 
structural substance as to preponderate over the new, 
there has not been reconstruction but only repair.’ 


The United States District Court in New York 
acted on a charge of contributory infringement in 
reference to the statute: 
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Whoever actively induces infringement of a patent 
shall be liable as an infringer. 

A defendant was accused of passing on to others 
confidential information obtained from the patentee. 


This subdivision includes in its definition of infringer 
a person who does that which the courts had previ- 
ously held to be contributory infringement wherein 
there was intent to infringe but not necessarily a 
sale of a component part of a combination patent. 
It protects against one who aids and abets the direct 
infringer. 

Prior to the enactment of this statute the courts 
had recognized as contributory infringers those who 
knowingly committed an act without which the in- 
fringement would not have occurred even though 
they did not sell a component of the patented in- 
vention. 

This included the architect who planned and su- 
pervised the construction of the infringing machine, 
the salesman who solicited orders for the infringing 
device and a person who used trade secrets to con- 
struct the infringing machine for the direct infringer. 


Further, even though the acts were all performed 
prior to the issuance of the patent, if they were per- 
formed with intent to infringe the patent when 
issued, or with the intent that the infringing conduct 
continue after the patent was issued, they constituted 
infringement. The Senate Committee Report ex- 
presses a legislative intent to reach aiders and 
abetters.® 


REFERENCES 
. Neff ares Co. v. Cohu Electronics Inc., 
August 6, 1959. 

. 35 U.S.C.A. 271 (a). 

3. Southern States Equipment Corp. v. U.8S.C.0. Power Equipment 
Corp., 209 Fed. 2d 111, December 31, 1953. 

. Westinghouse Electric & Mfg. Co. v. Precise Mfg. Co., 
2d 517, August 6. 1925. 

. Westinghouse Electric & Mfg. Co. v. Precise Mfg. Co., 
2d 209, March 8, 1926. 

. Weed Chain Tire Grip Co. v. Cleveland Chain & Mfg. Co., 196 
Fed. 2d 213, August 19, 1910. 

. Landis Machinery Co. v. Chase Tool Co., 141 Fed. 2d 800, April 
4, 1944. 

. Jones v. Radio Corp. of Am., et al., 131 F.S. 82, April 26, 1955. 
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scanning the field for ideas 


Servo-positioned fulcrum corrects 
indicated static pressure in proportion to 
aircraft speed to provide a true static 
pressure for more accurate input to air- 
craft altimeters. Indicated static pressure 
and total pressure are sensed by a bel- 
lows arrangement t9 provide an indica- 
tion of aircraft speed. The resulting sig- 
nal provides the input to position the 
fulcrum of the beam balance. In opera- 
tion, any beam unbalance actuates a 
control-valve linkage to increase or re- 
duce air pressure in the pressure-compen- 
sator housing. Thus, the pressure in the 
housing is automatically maintained at a 
value equal to the true static pressure. 
Principle employed in static pressure com- 
pensator developed by Garrett Corp., Los 
Angeles. 
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Decibel difference between actual 
noise level and a reference noise level 
indicates quantity of material in a ball 
mill. Since the material being processed 
damps noise output, the variation in 
noise level provides a signal input for 
comparator. The reference level is ad- 
justable to compensate for variations in 
ambient noise level. A highly directional 
pickup helps reduce effect of interfering 
sound sources. Principle employed in 
ball-mill control developed by Allgemeine 
Elektricitaets-Gesellschaft, Berlin, Ger- 
many. 


Caged floating ball _per- 
mits passage of liquid in either 
direction but prevents return flow 
of gas. The liquid supports the 
ball above the valve seat to per- 
mit liquid flow in either direc- 
tion. However, return gas will 
not support the ball, thus allow- 
ing the ball to seat and shut off 
flow. Principle employed in 
gas/liquid flow classifier devel- 
oped by Prenco Mfg. Co., Royal 
Oak, Mich. 
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SCANNING THE FIELD FOR IDEAS 


Staccato pulses of a signal pointer “kick” the adjustable pointer 
upscale on a maximum-reading meter. A booster coil furnishes ad- 
ditional torque to move the adjustable pointer. A pulsing relay inter- 
rupts the booster coil circuit, permitting a spring to separate the point- 
ers. This, in turn, restarts the cycle. The action continues at the 
rate of several times per second until the measured signal declines. 
Principle employed in meter developed by Assembly Products Inc., 
Chesterland, Ohio. 
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Magnetic pull-in _pro- 
vides positive action of a 
contact galvanometer. 
Whenever current being 
measured exceeds a preset 
value, the contacting arm 
moves toward the magnets. 
Inverse-square effect of 
magnetic attraction acceler- 
ates the arm toward the 
magnets, until the arm 
strikes the contact springs. 
Principle employed in con- 
tact galvanometer devel- 
oped by Siemens & Halske 
AG, Karlsruhe, Germany. 


Movable orifice plate provides pressure relief as well as regular 
spray pattern in a shower head. The perforated shower plate is spring 
loaded into normal operating position. Clogging of a portion of the 
openings increases the pressure drop across the plate, moves the plate 
against the spring loading, and uncovers relief ports. Principle em- 
ployed in shower head developed by Siemens-Electrogeraete AG, Munich, 
Germany. 





Movable pinion _ pro- 
vides an adjustable lever 
pivot to vary linear stroke 
of a rotary-to-linear mo- 
tion device. A jackscrew 
arrangement moves the 
pinion vertically against a 
fixed rack. A second rack 
on the lever, working 
against the pinion, provides 
the pivot point. Principle 
employed motion device 
developed by National 
Electric Welding Machines 
Co., Bay City, Mich. 


















































Differential-driven pow- 
er meter measures power 


Excess-power Freewheeling ual 


counting unit mechanism in excess of a reference 


value. The regular eddy-current 
disc shaft drives the total-power 
meter plus one input to a dif- 
ferential-gear set. A synchro- 
nous motor provides a reference 
input to the gear set. When 
disc shaft speed exceeds refer- 
disk shaft ence speed, the output of the 
differential gear set drives the ex- 
cess-power meter. Quick-change 
r gears in reference input power 
Differential gear fy train permit adjustment of ref- 
erence to input speed. Principle 
employed in power meter devel- 
oped by Siemens-Schuckertwerke 
Chonge geors AG, Nuremberg, Germany. 





Total power Out put 
counting unit 


Synchronous motor 














SCANNING THE FIELD FOR IDEAS 


Reversible link doubles 
the adjustment range of a 
two-piece arm. When link 
is positioned so that the hole 
is at the left end, the slot in 
the lower portion of the arm 
provides the normal adjust- 
ment range. Reversing the 
link positions the clamping 
screw to provide a second, ex- 
tended adjustment range. 
Principle employed in reamer 
developed by Madison Indus- 
tries Inc., Providence, R. I. 









































Wedge-edge groove between oil 
supply passage and shaft bore improves 
lubrication distribution on a recipro- 
cating shaft. The lowest groove has 
sharp lower edges to reduce leakage 
past shaft. Lubricating principle em- 
ployed in measuring unit developed 
by Feinpruef GmbH, Goettingen, Ger- 
many. 
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ECENT research has established pulley crowns 
that provide maximum belt training and re- 
duced belt stresses and maintenance at no 

extra cost of pulley fabrication. Before the era of wide 
belts, crown profiles usually were arcs of circles. 
Crown radii on narrow pulleys were relatively simple 
to machine, mold or cast. Exact radii were not impor- 
tant, although it was generally known that positive 
belt training was assured by the smaller radii of 
curvature. 

With the coming of wide belts, especially con- 
veyor belts, the problems of crown proportions, 
pulley manufacture, and belt training multiplied. In 
particular, something had to be done to minimize the 
tension differences throughout the width of the belt. 
The degree of crowning was diminished not only to 
maintain some tension at the edges. There was a 
corresponding sacrifice in the effectiveness of belt 
training. The fact that circular arcs gave way to taper 
sections illustrates the efforts to simplify fabrication. 


Belt Training Concepts: The basic principles of 
belt training on a crowned pulley can be simply 
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New pulley profile evens out 
the stresses in wide belts 
while increasing belt- 
training properties. 
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illustrated with a cylindrical tube and a piece of 
string, Fig. 1. If the string approaches the cylinder 
at right angles to the axis, the string simply winds 
up on itself as the cylinder rotates. However, if the 
angle of approach is less than 90 deg, the string 
winds itself off the cylinder in the direction of the 
acute angle. This is evidence that angle of approach 
is the governing factor in belt training. Taper in a 
pulley serves the same purpose. It forces the belt 
to approach the pulley at an angle of less than 90 
deg when the belt runs off center. 


Resultant Force and Training Index: Fig. 2 illus- 
trates the various conditions that can occur when a 
belt is being driven by a center crown taper pulley. 
In Fig. 2a, the belt approaches the pulley at an 
angle of 90 deg to the axis. It is located on the 
center of the pulley. Since the belt is tensioned for 
driving, the stress pattern across its width takes the 
form shown in Fig. 2b. The resultant force R is equal 
in magnitude to the sum of all the forces across the 
belt width. It occurs at the center of the belt pulley 
and acts normal to the axis. 
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If the belt is run off center on the pulley, Fig. 2c, 
a new stress pattern develops, Fig. 2d. The resultant 
force R no longer coincides with the center line of 
the belt, but is moved over a distance e. The effect 
of this eccentric load on the belt is to produce a 
curvature in a manner similar to that produced in 
an eccentrically loaded beam, Fig. 2e. An eccentric 
load causes the belt to assume a curvature or, in 
effect, to approach the pulley at an angle less than 
90 deg. This approach is indicated by the dotted 
lines in Fig. 2c and 2d. Thus, while the magnitude 
of the resultant force R remains constant for a 
given belt tension, the greater its distance e from 
the center line of the belt, the greater the training 
effect. 

The distance e that the resultant force R is offset 
from the center line of the belt can be used as an 
indicator of the magnitude of belt-training effect. 
Fig. 2 also illustrates the wide range of stresses to 
which a belt is subjected by a given magnitude of e. 
In fact, in a very wide belt the difference between 
the maximum and minimum belt tensions could be 
greater than the allowable belt stress. The aim in 
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pulley design, therefore, is a crown of such shape 
at the middle that excessive tensions at the middle 
of the belt are avoided. 

A look at the stress distribution patterns in Fig. 2 
leads to the intuitive conclusion that some method 
must be achieved for changing the belt stresses only 
along the outer edges of the belt. Small stress dif- 
ferences in the outer edges result in a greater dis- 
placement of the resultant force R than even quite 
large differences near the center of the belt. Thus, 
edge stress differences offer greater potential for belt 
training. 

This is particularly important, since the belt width 
should be nearly equal to the pulley width for 
economic reasons, and because lateral belt movement 
is usually limited by side clearances. Any tendency 
of a belt to run off a pulley ought to be corrected 
with a minimum in lateral displacement. The con- 
clusion is that an ideal pulley should have a flat 
or constant diameter center section with a constant 
stress pattern, and curved or tapered sections at the 
edges to provide the training effect. This idea is 
illustrated in Fig. 3. 
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Fig. 4—Belt stress and training effect as a function of the widths ratio. 





Basis for Design: The design problem centers 
around the selection of suitable proportions for the 
pulley crown. What is the proper ratio of belt width 
to the width of the flat central section of the pulley? 
What is the correct edge taper or curvature? Assum- 
ing various ratios of belt width to width of central 
flat on the pulley, the training index e was calculated 
and plotted, Fig. 4. Belt stress was also calculated 
as a percentage of the excess over the stress in a 
straight-faced pulley. Values are plotted in Fig. 4. 

From Fig. 4, it is evident that when the ratio of 
belt width to width of central flat becomes infinite— 
the condition encountered with the conventional 
crown taper pulley—the belt stresses will be at a 
maximum and the training effect a minimum. At 
infinity, the training index is 4.7 and the belt stress 
is 52 per cent greater than for a straight-faced pulley. 
Further, the graphs indicate that when this ratio is 
approximately 2 to 1, the training effect is a maxi- 
mum and the belt stress is reduced considerably 
over that occurring in the center crown taper pulley. 

In fact, the training effect is about 50 per cent 
greater, while the stress is less than 50 per cent of 
that occurring when conventional center-crown pul- 
leys are used. This realization was rather startling. 
However, since stress reduction is readily calculated, 
that item could hardly be questioned. The effective- 
ness of the training, although calculable, deserved 
more positive proof; hence, test apparatus was de- 
signed to develop experimental proof of its validity. 


Verification of Design by Tests: The test setup is 
shown in Fig. 5. Two sets of belts were mounted on 


two different sets of pulleys—one with center crown 
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Edge crown 


Peaked 
center crown 


Belt and 
pulley 


taper and the other with edge crown taper. Both 
tapers were arbitrarily established at 3/16-inch to 
the foot. The head and tail shafts were adjusted 
to cause the belts to run on dead center, and ten- 
sions in both belts were equalized. By means of a 
linkage, both tail shafts were misaligned the same 
amount, and the lateral movement of each belt was 
measured. The results from these tests are plotted in 
Fig. 6. The greater flexibility of the edge crown 
over the center crown is apparent. Moreover, as the 
off-center movement of the belt increases, the su- 


Tips and Techniques 


Finding Circle Centers 


Centers of circles and arcs can be found by a pro- 
cedure which requires the use of a compass only: 


1. From any point, A, on the arc or circle, Fig. 1, draw an 
arc of any radius, intersecting the circle at B and C. 

2. With B and C as centers, and using the same radius, 
draw arcs intersecting at D. 

3. With D as center and AD as radius draw an arc 
that intersects the first arc at E and F. 

4, With radius EA and centers E and F, draw arcs inter- 
secting at G, the required center. 

—M. W. Lortus, Chicago, Ill. 
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periority of the edge crown tends further to increase. 
Additional research led to the establishment of 
a curved edge instead of a straight taper. This is 
illustrated in Fig. 7, and contrasts sharply with the 
condition shown in Fig. 2b. Further, when the belt 
begins to wander to the side, this uniform stress 
pattern begins to change. The farther off center 
the belt runs, the faster the rate of change in the 
stress pattern, and the faster the increase in train- 
ing effect. Thus, the closer the belt approaches to 
the pulley edges, the greater the training effect. 














Fig. 1—The X-type roller 
bearing consists of alter- 
nating rollers on a 45- 
degree contact angle. 











An approximate method for 
analyzing load and life ratings of 


X-type Roller Bearings 


special bearing type that is capable of carry- 

ing radial, thrust, and overturning moment 
loads simultaneously. Overturning moment loads 
may be the result of eccentrically applied radial or 
thrust loads, or may result from shaft or housing 
misalignment. Normally, a pair of radial or thrust 
bearings are needed to satisfactorily carry moment 
loads. The X-type roller bearing, in such cases, can 
save weight and space (and cost), since only one 
bearing is required. 


2 X-type roller bearing fills the need for a 


Bearing Construction: The bearing may be de- 
scribed as two angular-contact roller bearings which 
have been superimposed to form a_single-row 
angular-contact bearing with the rollers alternating 
in their orientation to take load, Fig. 1. The most 
common configuration is an even one-to-one alterna- 
tion of rollers. But when thrust loads are high in 
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relation to radial and moment loads, an arrangement 
of two or three adjacent rollers for thrust, with one 
roller opposed to carry radial and moment loading, 
may be used. 

One of the races is always split and manufac- 
tured in two pieces. The split race is necessary to 
allow assembly of the rollers and the cage. The race 
that is stationary with respect to the load is usually 
the one that is split. Screws or rivets hold the split 
race together for handling and ease of assembly; 
however, each race must be securely clamped by the 
supporting housing or shaft. 

Cage guidance of the rollers is normally accom- 
plished by an accurately machined and closely riding 
bronze or steel cage. Rollers are slightly shorter in 
length than in diameter, and their rounded ends 
slide easily on an oil film on the races perpendicular 
to their axis. The roller cannot take any load on its 
ends. The load is always taken normal to the axis 
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of the roller and race-path in line contact. The roller 
is manufactured with a modified crown which elimi- 
nates end loading and high stress concentration in 
the Hertzian contact area. A full complement of 
rollers in bearings has been successfully used for 
slowly rotating or intermittent-duty applications such 
as indexing tables. 

Heavy preloading of the rollers is not usually 
recommended, since it reduces the dynamic life of 
the bearing. When low deflection and high spring 
rate are the prime considerations, slight preloading 
can appreciably increase the stiffness and rigidity of 
the unit with only a negligible decrease in life. The 
preload, when used, is accurately controlled during 
manufacture by grinding the mating faces of the 
split race. 

Since the X-roller bearing is not a stock produc- 
tion item, many modifications may be designed into 
the bearing. Such special features as mounting 
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flanges, mounting holes, taps, and gear teeth may 
be incorporated, Fig. 2. It can be manufactured in 
sizes from several inches to more than 13 ft in 
diameter. 


Materials: The steels most commonly used are: 1. 
A modified SAE 52100 steel with vanadium added 
for control and uniformity during heat treating. 2. 
SAE 8660 steel. 

The 52100, modified, is uniformly through-hard- 
ened by immersion in an electric salt-bath furnace, 
quenching in oil, and subsequent drawing and stress- 
relieving operations. Diameters up to 120 in. may 
be heat treated. A hardness of Rockwell C 58 to 
60 is readily obtained. Pieces of 52100 steel over 
120 in. diam, SAE 8660 pieces, and pieces requiring 
accurate machining of gear teeth after hardening 
are given a special preferential hardening or are 
hardened on the roller path by an oxyacetylene 
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X-TYPE ROLLER BEARINGS 





flame-hardening process. The roller path is Rockwell 
C58 to 60 at the surface, and has sufficient depth 
of hardness to adequately endure the subsurface 
shear stresses that start most bearing fatigue failures. 
The core of the race is at Rockwell C 30 to 35. 

Bearings may be made of stainless steel, tool steel, 
or other special alloys to suit conditions of corrosion 
or high-temperature operation. 


Tolerances: Table 1 gives tolerances that are 
normally obtained. Closer tolerances are possible 
by using special techniques and handling. 


Load and Life Analysis: The life analysis of an 
X-type roller bearing under combined loading is ex- 
tremely complex. Hand-computed solutions must be 
recognized as only approximate methods to gain an 
initial estimate of the bearing’s capabilities. 

An exact analytical solution of the load-distribu- 





p= Stas ting thee rales op 


posite A 
C load rating (dynamic capacity), Ib 
d rating, Ib 


i = Number of rows of rollers in the bearing 
L = Minimum life, millions of revolutions 


TF2 wx 


F 
cess Pe 


tion problem has been developed, and is program- 
med for use on a large digital computer. This exact 
solution assumes rigid races, support housings, and 
shafts—with elastic contact areas between the rollers 
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Table 1—Standard Tolerances for 
X-type Roller Bearings! 





Up to 
120 in, diam 


120 to 180 
in. diam 





ID 

oD 

Width 

Radial runout? 
Face runout’ 


+0.001, —0.000 
+ 0.000, —0.001 
+ 0.000, —0.006 
0.002 TIR 
0.001 TIR 


+ 0.002, —0.000 
+ 0.000, —0.002 
+ 0.000, —0.005 
0.003 TIR 
0.002 TIR 





1. All tolerances in inches. Internal diametral clear- 
ance is chosen to suit application. Closer tolerances 
are possible with special techniques. 


2. Of OD with respect to ID. 


3. Runout of face of inner race with respect to face 
of outer race. 


and races. The exact roller-load distribution within 
the bearing is developed. Deflections of the center 
of the bearing are determined, and spring rates are 
also computed. The spring rates of the bearing will 
be valuable to a structural designer who is interested 
in vibration analysis of the structure. 

The approximate method evaluates the dynamic 
load rating C, minimum life H, static load rating Co, 
and static factor S for the X-type roller bearing. 


Equivalent Loads: First, reduce all of the external 
forces acting on the bearing to an equivalent sys- 
tem of forces applied to either the inner or the outer 
race. This system should consist only of a cen- 
trically applied axial thrust force and a centrally 
applied radial force, plus an overturning moment 
whose axis is orthogonal to those of the axial and 
radial forces. 

The parameter Fy, which can be called the moment 
force, is quite useful and is defined as Fy = 2M/dm. 

Next, list the equivalent system of forces in de- 
scending order. If any are zero, then list them as 
zero in the proper sequence. For example: Fr > 
Fy > Fr. 

Table 2 is then used to select the proper equa- 
tions for equivalent-load determination. The appli- 
cable formulas will give Pes, Pra, Pre, and Prez. 
Raceways and rollers which take the applied thrust 
are labeled with subscript A. 

Evaluate the equivalent load P, acting on race A 
and Ps acting on race B with: 


P= XVPr + YPy (1) 


“1References are tabulated at end of article. 
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The proper coefficients are: 
P7/VPp s 1§:X = 1.0, Ys 0.45 
Pr/VPz > 1.5: X = 0.45, Y = 0.45 
V = 1.0 for inner ring rotating in relation to the 
load, and 1.2 for inner ring stationary in relation 
to the load. 


Dynamic Life Rating: The basic load rating (dy- 
namic capacity) C of a bearing is the constant, 
stationary radial load which 90 per cent of a group 
of apparently identical roller bearings with station- 
ary outer ring can endure for | million revolutions 
of the inner ring before the first evidence of fatigue 
develops. 

To evaluate the basic load ratings of races A and B, 


use 
C = file cosa) 7/9Z3/4 29/27 (2) 


Since i = 1 for X-type bearings, and a = 45 deg, 
this reduces to 


C = 0.764 fi, eyjt/ 28/4 20/27 (3) 


Consider the X roller bearing as two superim- 
posed angular-contact roller bearings and calculate 
the basic dynamic capacity of each race. 

Select the value of f, from Table 3 based on the 
ratio: D cos a/dm = 0.707 D/dm. 

The effective length of contact of the roller on 
the raceway, |,,;, is approximately 0.65D. For deter- 


mining the number of rollers in a bearing, the 
chordal distance between rollers can be considered 
to be 1.25D. 

After determining the basic load rating, C, calcu- 
late the life of each race: 


( C yr 
= a yey, 4 
La P, (4a) 
10/3 
) (4b) 


Cc 
Leg = ( Ph 

The life of the bearing is less than the life of 
the least of either of the races, and may be computed 


from 
_— a [ (= )"+ (= Bs (5) 


The minimum hours of life for 90 per cent prob- 
ability of survival is 


_ LX 106 
~ 60N 


(6) 


If several different load conditions are applied 
to a bearing in a known sequence, the total life H 
of the bearing for these varying conditions may be 
computed as 
i ba a: (7) 

H Ry, He Hz 

Static Rating: Evaluate the static equivalent load 
acting on each race from 
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Po = XoPr + YoPr 
Select the proper coefficients from 


Py/Pp S 1.5: Xo = 1.0, Yo = 045 
Pr/Pr > 15 A Xo as 0.50, Yo = 0.22 


Basic Static Load Rating: Permanent deformations 
appear in rollers and raceways under static loads 
of moderate magnitude, and increase gradually with 
increasing load. The permissible static load, there- 


fore, depends upon the permissible magnitude of 
113 

















X-TYPE ROLLER BEARINGS 


LY 


Thousands of X-type roller bearings, 
2 ft in diameter, were produced for 
gun-mounting platforms during the last 
war. An important application today is 
the pedestal azimuth bearing of large 
radar systems, Fig. 2 and 3. 

Other typical uses are: Boring-mill 
tables, a, where extreme accuracy and 


Typical Applications 
low deflection under off-center tool 
loads are a must. As double-acting 
thrust bearings, b, in the work and 
back-up rolls for rolling mills where 
space is at a premium. Gear trains, c, 
where space is not available for con- 
ventional mounting of a radial plus a 
thrust bearing. 
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permanent deformation. 

Experience shows that a total permanent deforma- 
tion of 0.0001 of the roller diameter, occurring at 
the most heavily loaded roller and race contact, can 
be tolerated in most bearing applications without 
impairment of bearing operation. 

In certain applications where rotation of the bear- 
ing is slow and where smoothness and friction re- 
quirements are not too exacting, a much higher total 
permanent deformation can be permitted. 

For purposes of comparison, the basic static load 
rating is defined as the static load which corres- 
ponds to a total permanent deformation of roller and 
race at the most heavily stressed contact of 0.0001 
of the roller diameter. 

Evaluate the static load rating Cy for races A 
and B. 


Co = fotZl.4,D cos a (9) 
Since fo = 3130, i = 1, and a = 45 deg, 
Co = 2213 Z1.4;D 


The static factor is 
(11) 


depending upon the application. For example, 
X-type roller bearings used for indexing tables or 
for large pedestal mountings would operate satis- 
factorily with an allowable static load of 2Cp. 
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Example: Determine minimum life H and static factor S 
for the X-type roller bearing used as an azimuth bearing 
on a radar pedestal. Load application is shown in Fig. 3, and 
Table 4 gives the loads expected to be encountered. 

Data on the bearing is: Total number of rollers is 154 
(Z = 77), D = 2.00 in., ley = 1.37 in., and dm = 120 in. 
Loads are applied to the inner race, which rotates with re- 
spect to the load at 2 rpm (N = 2). 

Evaluate Basic Load Rating: Determine the dynamic capac- 
ity, C. Since D cos @/dm = 2(0.707)/120 = 0.0118, Table 
3 gives, by linear interpolation, f- = 3927. Then, from Equa- 
tion 3, 


C = 0.764 (3927) (1.37) 7/9 (77) 3/4(2) 29/27 
= 209,700 = 210,000 Ib 
Determine Equivalent Loads: With a 20-knot wind, from 
Table 4, Fu = 2M/dm = 2(525,000)/120 = 8750 Ib. So 


load sequence is Fr > Fy > Fr. Applicable equations are in 
Group IV of Table 2: 


Pra = 4% (Fy + Fe) = % (8750 + 5475) = 7112 Ib 
Pr, = Fr + % (Fy — Fe)= 140,000 + 1% (8750 — 5475) 


= 141,637 Ib 
Table 4—Loads on Radar-Pedestal Bearing 


Survival 
Loads 





Operating Loads 
Wind Speed (knots) 20 40 
Time, T (per cent) 80 20 
Thrust, Fr (Ib) 140,000 140,000 
Radial, Fr (lb) 5,475 21,900 
Moment, M (lb-in.) 525,000 2,100,000 














Fig. 3—Typical X-roller bearing as an azimuth bearing in a radar pedestal. Wind acting 
on the aerodynamic center of pressure (antenna dish) produces a radial load and an over- 


turning moment load on the 


Pre = % (Fy — Fe) = % (8750 — 5475) = 1637 lb 
Prg = % (Fy — Fr) = 1637 lb 


Equivalent loads Pa and Pg are then evaluated using 
Equation 1. Since Pra/VPra = 141,637/1(7112) = 20, and 
Prsp/Pre = 1637/(1637) = 1, the final solutions with 
proper choices of X, Y, and V are: 


P, = 0.45(1.0) (7112) + 0.45(141,637) = 66,800 Ib 
Pg = 1.0(1.0) (1637) + 0.45(1637) = 2374 Ib 


A similar analysis for 40-knot winds gives Pa = 78,800 Ib, 
and Pg = 9500 Ib. 

Evaluate Dynamic Life: Use Equations 4, 5 and 6. Also 
C = 210,000 lb, N = 2, and values of Pa and Pg just de- 
termined. Dynamic life of the bearing, for 20-knot winds, is 


= 45 million revolutions 


( 210,000 )= 
A = ———_—__——_ 


66,800 
( 210,000 
2374 


1 [ ( 1 \" 1 9/87 8/9 
L 45 3.1 X 106 
Ls 


45 million revolutions 


10/3 
B= ) = 3.1 X 106 million revolutions 


_ 45 X 108 


= 376,000 hr 
60(2) 


Similarly, for 40-knot winds, La = 26.2 million revolutions, 
Lg = 30,300 million revolutions, L ~ 26.2 million revolu- 
tions, and H = 218,000 hr. 

From the two values for H, the time T from Table 4, 
and Equation 7, the prorated life for the bearing is 


100 = 80 20 


H 376,000 ~—«—.218,000 
H = 328,000 hr 





bearing; the structure weight produces a thrust load. 


Find Static Capacity: To determine the static load rating 
for race A, use Equation 10. 


Co = 2213(77) (1,37) (2.00) = 465,000 lb 


To evaluate the static equivalent load Po, radial load Pr, 
and thrust load Pr, survival loads from Table 4 are used. 
The moment force Fu = 2M/dm = 2(9,156,000)/120 = 
152,600 lb. Load sequence is Fu > Fr > Fr, so equations 
from Group IV of Table 2 are used: 


Pra = % (152,600 + 60,500) = 106,550 Ib 
Pra = 140,000 + 44 (152,600 — 60,500) 
86,050 1 


Proper coefficients for use in Equation 8 are selected; 
Pra/Pra = 186,050/106,555 = 1.75. The solution for static 
equivalent load becomes 


Po = 0.50(106,550) + 0.22(186,050) = 94,200 1b 


The static rating, Equation 11, is $ = Co/Po = 465,000/- 


94,200 = 5. 
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Electronic Feedback Balance 
Weighs Down to One Microgram 


TORQUE PRODUCED by load is auto- 
matically compensated by a self- 
induced electric counterforce in an 
electronic balance. Counter-current is 
a direct measure of torque and weight 
applied. A balance beam is fused to 
a quartz ring, which contains armature 
windings on its ID. Taut strips double 
as supports and leads for the coil. 














Stator is a ceramic magnet, whose 
field coil is part of an oscillatory cir- 
cuit with a frequency of about 480 kc. 
This high-frequency magnetic field is 
superimposed on the magnet's natural 
stationary field. A load on the bal- 
ance beam induces a signal in the 
moving coil, amplitude of which de- 
pends on angle of rotation. 























a 


Oscillator 1.4 HF amplifier 
Rectifier 























DC amplifier ' 
Regulating instrument 


INDUCED SIGNAL IS TRANSMITTED to regulating instrumenta- 
tion, amplified, rectified, and returned to the coil, turning the 
balance beam back to zero position. This counteracting cur- 
rent is measured by an instrument calibrated in terms of the 
weight balanced. 


BALANCE SYSTEM IS MOUNTED in a compact evacuated glass 
housing which is connected with standard ground-fittings. Vac- 
uum minimizes influence of temperature, pressure and composi- 
tion of atmosphere. Ceramic magnet is isolated by glass plate, 
since long-lasting gas discharge would impair vacuum. Twist- 
ing the taut strips adjusts the arrangement. Design is by 
Sartorius-Werke AG, Goettingen, Germany. 
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 JET-STREAM IM 
Powers: Its Own 
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Marine jet propulsion plant was developed by C. W. F. 
Hamilton & Co. Ltd., New Zealand, and is produced 
under license in this country by Turbocraft Division 
of Indiana Gear Works Inc., Indianapolis, Ind. 
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JET IMPULSE IS REVERSED in 
a new motor-jet propulsion 
unit by dropping a gate in 
front of the jet nozzle. The 
jet stream is deflected back 
under the hull of a motorboat 
to reverse the boat. The gate 
is actuated by a_ hydraulic 
cylinder that bleeds pressure 
from the jet impeller section. 
The boat is steered by using 
a hinged gate on each side of 
the jet stream to deflect its 
path in the required direc- 
tion. 


REPLACING THE CONVEN- 
TIONAL PROPELLER, the three- 
stage axial-flow compressor 
draws water from a flush in- 
let in the bottom of the boat 
through the reaction casing 
and expels it rearward with 


great force. Since the casing 


is above the water line, the 
conventional stuffing box is 
not necessary. 


DEVELOPER REPORTS SPEEDS 
up to 45 mph using a 130-hp 
motor in New Zealand. Amer- 
ican installation shows de- 
tails of coupling a 135-hp 
V-type engine to the unit. 
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DIPOLE ANTENNA IS SHELL of 
a tiny radio telemeter used in 
the presence of a high-voltage 
line with a high dynamic 
corona field. Insulating rings 
separate poles from the main 
body of the shell. 


with suitable transducers to 


It's used 


determine frequency and am- 
plitude of vibration of high- 
tension lines in wind. 


INSTALLATION IS SIMPLE. Ap- 
propriate transducers are fast- 
ened to the cable, and the 
radio telemeter is attached. 
Developers eventually expect 
to design the unit for installa- 
tion without cutting line cur- 
rent in some cases. Expend- 
able radio unit may be left 
when observations are con- 
cluded, or it may be snipped 


Encapsulated FM/FM Transmitter 


away to be used in another 
location. Radio telemeter was 
developed by Preformed Line 
Products Co., Cleveland, Ohio. 


Brush_ Instruments Div. of 
Clevite Corp., supplies read- 
out equipment used in record- 


ing signals. 
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Uses Its Own Shell for an Antenna 


RADIO CIRCUITS ARE ENCAPSULATED in easily assem- 
bled plastic discs. Expensive coupling transformer is 
imbedded separately. The wafer-type mercury-cell 
battery has 10 cells with 1.3 v per cell. Taps are 
provided for ground, 8 v, and 13 v. Ground is a 
threaded rod passing through the entire assembly 
and holding it together by the threaded shell. 


8volts 


UP TO FOUR GAGES can be read by the radio transmitter by coupling to 
legs of the Wheatstone bridge. By using FM circuitry in preamplifier and 
transmitter, quality of reception is good in spite of wire’s corona effect. 


Transmitter 
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FORCE-BALANCING SYSTEM RE- 
PLACES float, balance, and counter- 
springs associated with the conven- 
tional liquid-level gage. A servo- 
motor moves a displacer up or down 
to keep it partially submerged in 
the liquid being measured. Com- 
plete dry weight of the displacer 
causes enough deflection of the 
torque tube to close a set of con- 
tacts. Partial submerging of the 
deflector reduces the torque on the 
torque tube enough to open the 
contacts. The servomotor circuit is 
so arranged that opening contacts 
cause it to lower the displacer; clos- 
ing contacts cause it to raise the 
displacer 








Servo System Replaces Float 
In Liquid-Level Meter 


CONTACTS ALTERNATE- 
LY OPEN AND CLOSE 
in equilibrium position, 
making the three-digit 
indicator oscillate slight- 
ly. Indicator is coupled 
to a sprocket sheave 
driven by the support- 
ing tape. 


Liquid-level gage called 
Varec Dynamatic Gauge was 
developed by the Vapor Re- 
covery System Co., Compton, 
Calif. The servomotor used 
is a Dyaz shaded-pole geared 
motor produced by Barber- 
Colman Co., Rockford, III. 


Torque tub 
fixed this end 





Idler sheave 
(fixed to torque arm) 








Fig. 1—Riveted lap joints provide stagnant areas in 
which metal-ion concentrations can build up. Electrical 
cell concentration effect accelerates corrosion. 
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Part 2—Design Considerations 


LESTER F. SPENCER 

RODUCT design involving components or as- Metallurgist 
semblies that require conversion coatings must Waukesha, Wis. 
consider factors other than the selection of 

a conversion process. Part contour, methods of fasten- 

ing, and cell corrosion also affect the useful life of 

a product. This article, concluding the series, evalu- 

ates the conversion processes and presents details 

of these important design factors. 


Analysis of Coatings 


Final selection of a conversion coating must be 
based on many interrelated factors. Performance in 
a given environment depends on such factors as cvat- 
ing properties, thickness, uniformity, adhesion charac- 
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Commercial applica- 
tions of bright anodic 
finishes include reflec- 
tor, appliance trim, 
and automobile trim. 


Photo, courtesy Aluminum Co. of America 


CONVERSION COATINGS 


teristics, and dimensional stability. Economics and 
aesthetic appeal also enter into the consideration of 
various coatings. Accelerated corrosion tests used to 
evaluate and compare various treatments must be 
interpreted in the light of a particular design and 
operational environment. 


Phosphate Coatings: Minimum coating weight for 
paint-bonding systems, as specified by JAN-C-490A, 
Grade |, is 150 mg per sq ft by spray and 300 mg 
per sq ft by immersion. The coating must be uni- 
form and tightly adherent. A loosely adherent crystal 
or powdered-phosphated surface is as detrimental to 
paint bonding as loose rust, particularly when a 
one-coat paint system is employed. Small crystal size 
is usually indicative of tightly adherent deposits. 

Generally, spray application is preferred over im- 
mersion methods because it provides the fine, crystal- 
line deposit necessary for optimum paint-bonding 
characteristics, corrosion resistance, and economy of 
paint consumption. 

Flexibility and resistance to impact decrease as 
crystal size and coating weights increase. However, 
coarse crystal size is a necessity in many applications 
other than paint bonding to obtain the desired 
weight of deposit. 

Other functions of phosphate films are to prevent 
blistering and undercutting of the finish coat and to 
maintain and/or reinforce the desirable properties 
of the finish. 

A final rinse in a controlled, dilute solution of 
chromic acid or in a mixture of chromic and phos- 
phoric acid is recommended. The increase of cor- 
rosion resistance obtained outweighs the slight cost 
increase. 


Chromate Coatings: In the chromate processing of 
aluminum and aluminum-base alloys, the dimen- 
sional change that occurs may be considered negligi- 
ble. However, both the chrome-pickle and the sealed 
chrome-pickel treatments for magnesium and mag- 
nesium-base alloys produce a dimensional loss of 0.6 
mil per surface. Where dimensional changes cannot 
be tolerated, the dichromate, the alkaline dichromate, 
or the galvanic-anodize treatment for magnesium 
should be considered. 

Another restrictive factor relates base analysis and 
process selection for magnesium alloys. For example, 
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the dichromate and alkaline dichromate baths are 
not recommended for alloy types MIA, EK30, and 
EK4l. 


Bath formulations for magnesium are apparently 
sensitive to the character of the surface. For example, 
the chrome-pickle treatment has two separate formu- 
lations, one for wrought products, the other for cast 
products. Similar precautions must be observed when 
selecting treatments for zinc-base diecastings. 


In processing assemblies where different alloys of 
the same base metal are used, the reaction rate of 
each alloy type should be the same in the chosen 
solution. This is of importance where the natural 
color of the chromate film will be the final finish 
and the colors must match throughout the assembly. 

Although the chromate films have natural colors, 
surface appearance can be changed by the use of 
organic dyes. Table 1. 


Anodic Coatings: Maximum protection against 
heat, corrosion, abrasion, and wear is offered by the 
anodic coatings. Anodic films, particularly the high- 
voltage type, are very hard and are not recommended 
for applications where flexure of the base metal is 
anticipated, or for assemblies where subsequent rivet- 
ing or bolt tightening could cause cracking. They 
perform well on rigid structures and on assemblies 
when applied after completion of fabrication opera- 
tions. In the event of surface damage or cracking, 
the anodic films do not resist corrosion migration 
as do chromate coatings. 


In the processing of parts that have deep recesses 
or complex contours, the throwing power of the 
anodic solution, since it is an electrochemical reac- 
tion, is particularly valuable. The chromic-acid proc- 
ess for aluminum-base alloys is recommended for 
this reason. 

Stresses: The presence of stresses within an as- 
sembly can be detrimental, particularly when the 
processing solution contains strong acid mixtures. 
This combination can lead to a form of stress-corro- 
sion cracking. Severity depends upon such factors as: 
1. Stress level within the assembly. 2. Concentration 
of processing solution. 3. Processing variables. 4. Solu- 
tion retention within the part. 

Color: The ability to color anodic films by im- 
mersion in organic-dye solutions is of more importance 
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in treating the aluminum-base than the magnesium- 
base alloys. Both the caustic anodize and the Mano- 
dyz process for magnesium can be followed by a 
dye treatment, but colors obtained are not as satis- 
factory as those produced with special paints. 
The major factor influencing the success of color- 
ing aluminum-base alloys is the alloy type itself. The 
brightest and clearest film is obtained on relatively 
pure aluminum. As alloying elements increase, the 
film shade becomes duller. For example, alloy types 
1100 and 3003 produce brilliant colors; copper-con- 
taining alloys 2024 and 2017 and alloys containing 
over 2 per cent magnesium produce duller shades. 
The latter films are also thinner and less durable 
than those obtained on the purer forms of aluminum. 
Alloys containing more than 5 per cent silicon 
are not recommended for use with bright colors, 
although the darker shades may be used. When 
the silicon content is up to 13 per cent, the formation 


Table 1—Colors of Chromate Coatings 





Natural Dyed 
Colors Colors 


Zinc, Cadmium 
Bright metallic, iri- 
descent yellow, bronze, 
olive-drab 





Red, blue, green, orange, 
violet, blac 





Aluminum 
Clear, iridescent yel- 
low, brown 


Red, yellow, blue, orange, 
green, oliver-drab, vio- 
et 





Copper, Brass, Bronze 
Bright metallic, yel- Red, _yellow, 
__low green, violet 


orange, 





Silver 
Clear 


of a color can be aided by the use of a hydrofluoric- 
acid dip prior to anodizing. 

Since various aluminum alloys produce different 
shades, even when processed identically, the same 
alloy type should be used throughout an assembly if 
coloring must be consistent. 

In the aluminum-base alloys, sealing treatments 
are essential in the sulfuric-acid bath regardless of 
whether the natural or dyed color is used as a final 
finish. In the chromic-acid bath, sealing is not as 
important when the natural color is used for the final 
finish. However, if the film is dyed, the sealing 
treatment is recommended. 


Oxide Coatings: Since the film obtained by an 
oxidation method is extremely thin—0.02 to 0.2 mil— 
its corrosion resistance on steel is limited. However, 
these coatings on stainless steels, copper, and alu- 
minum offer fair corrosion resistance. 

Because the solutions are strongly alkaline and 
highly oxidizing, intricate shapes that entrap solu- 
tion during treatment are in danger of spotty over- 
oxidation. Where this condition exists, a subsequent 
immersion in a passivating dichromate solution is 
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recommended. Dimensional change of parts is con- 
sidered negligible, and since there is no possibility 
of hydrogen embrittlement, these solutions may be 
used on stressed assemblies. 


Corrosion 


Corrosion acceleration, caused by the effects of 
mating surfaces of assemblies, is one of the most im- 
portant problems in the design of products that will 
be processed with a conversion-coating treatment. 
General types of surface interaction are: 1. Concen- 
tration cell effect, involving two different alloys of 
the same base metal. 2. Galvanic effect, where sur- 
faces of two dissimilar metals are in intimate contact. 


Concentration Cell Effect: Cell corrosion is caused 
by the solution in contact with a pocket, corner, or 
crevice in the part being processed. Even tap water, 
which usually contains metallic salts, can serve as an 
electrolyte. The crevices may be in hidden areas, and 
condensation in high-humidity environments may 


Chromate conversion coatings on cop- 
per-plated lamp protector and electrical 
connectors increase corrosion resistance 
and prolong shelf life. 


Photo, courtesy Allied Research Products Inc. 
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Fig. 2—Crevice is typical site 
for a dissolved-oxygen concen- 
tration cell. Stagnation of solu- 
tion in crevice prevents influx 
of fresh liquid with higher oxy- 











gen concentration. 








™ Low oxygen concentration 


High oxygen concentration 


trigger the cell reaction, causing considerable dam- 
age before detection. 

The metal-ion cell is one type of cel! corrosion 
that can occur in a lap joint, Fig. 1. With solution 
stagnation at the crevice, a constant shifting of metal- 
ion concentration occurs, always striving toward a 
chemical balance. When the solution over a metal 
surface contains more metal ions at one point than 
at another, an electrochemical action occurs that 
attempts to make the concentration uniform by forc- 
ing more metal in solution at the point of lower con- 
centration—the crevice. Where fluid motion washes 
out the metal ions at a rate equal to their entry into 
the solution, the balancing attempt is a continual 
process, and a cavity in the metal results. 

The oxygen cell operates similarly except that 
the offender is oxygen that diffuses into the solution 
within a crevice, Fig. 2. An oxygen balance continu- 
ally progresses which results ultimately in a pitted 
surface. This type of corrosion is common whiere 
metal-to-metal contact is present. It may also occur 
at the interface of mating parts that have an organic 
finish or an electroplate that has poor adherence to 
the base metal. 

Both cell types may occur simultaneously, since 
the physical cause of corrosion is the same in both 
cases. Some metals are more affected than others. 
For example, copper is highly susceptible to metal- 
ion cell cavitation; nickel, to oxygen-cell activity. 

For asemblies that contain riveted, bolted, or spot- 
welded lap joints, each component should be processed 
individually. If the assembly must be processed 
without a protective layer at the interface, these sur- 
faces should first be sealed. 

Other cell-prevention design techniques include: 
1. Specification of full weld penetration where pos- 
sible, to prevent minor crevices. 2. Avoiding sharp 
corners, stagnation areas, or other sites favorable to 
the accummulation of precipitates. 3. Avoiding use 
of materials that have a tendency for liquid absorp- 
tion in contact with metal surfaces. 


Galvanic Effect: Using aluminum with other metals 
in the presence of moisture can lead to galvanic at- 


tack. The severity of this corrosion type varies, and 
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Fig. 3—Below—Galvanic corro- 
sion is a function of surface- 
area proportion. With protec- 
tive coat on steel part, a, 
scratched surface causes only 
superficial corrosion of magne- 
sium part. With the coating 
situation reversed, b, a small 
scratch causes severe pitting of 
the magnesium part. 


Steel 


LLL 


A 
Gone 


(a) 



































Fig. 4—Steel inserts are often required in light-metal 
housings at heavy wear areas. Interface galvanic cor- 
rosion is prevented by separating the surfaces by a 
milled groove. The groove is caulked during proc- 
essing. When insert is thin, a, housing is milled; 
thicker insert, b, carries the groove. 
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Photo, are og seer Products Inc. 

Effectiveness of chromate conversion coat- 
ing on aluminum sand castings is shown 
by results of 120-hr salt-spray exposure. 
Treated part, left, shows no signs of corro- 
sion; untreated part is shown at right. 


even the insulating anodic films may not give suffi- 
cient protection to the base metal. Since galvanic at- 
tack depends upon the potential difference between 
two metals, the severity may be reduced or even 
eliminated by selecting metals that decrease this po- 
tential. For example, the use of cadmium plate on 
one metal—say, a steel rivet—will effectively reduce 
the potential between aluminum and steel. The 
protective film may then consist of a chromate con- 
version coating on both the cadmium and alumi- 
num, or a chromate film on the cadmium and an 
anodic film on the aluminum. 

Magnesium, when used with other metals, is sub- 
ject to more severe galvanic attack than aluminum. 
Again, the selection of a mating material that will 
reduce the potential difference solves the problem. 
Metals that are compatible with magnesium include 
aluminum-alloy types 5052, 6053, 5056, 6061, and 
6063. Washers made of these alloys are often used 
on magnesium-steel assemblies. Dissimilar metals can 
also be separated by using a conversion coating in 
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combination with an organic finish. 

Materials to be avoided in direct contact with mag- 
nesium include steel, brass, stainless steel, titanium, 
monel, and aluminum alloys such as types 2024, 
2024 Alclad, 7075, 7075 Alclad, and 3003. 

Galvanic action is a function of surface-area pro- 
portion between two metals, Fig. 3. To assure maxi- 
mum protection, the film should be applied to both 
the magnesium and the steel. The finish coat should 
be compatible with the conversion coatings and 
should also be highly alkaline resistant to protect 
the magnesium. Any aluminum fasteners in such 
an assembly should be anodized or chemically 
treated. 

Inserts of steel, brass, or bronze are frequently 
used at surfaces where concentrated bearing loads 
occur or in areas where severe wear may be ex- 
pected. These inserts should be cadmium or zinc 
plated to avoid contamination of the conversion- 
coating solution and to minimize galvanic action 
during service. For severe service environments, 
a 1f-in. or wider annular groove should be provided 
at the edge of the insert, Fig. 4. The groove is filled 
with caulking compound to prevent the capillary at- 
traction of a cleaning, pickling, or anodizing solution 
from penetrating the interface of the magnesium 
casting and the insert. 

Drain holes and various sealing compounds and 
tapes are used, Fig. 5, to prevent moisture entrap- 
ment, to prevent a bridging effect, and to separate 
magnesium from dissimilar metals. 


Corrosion Cracking: Metal failure due to stress 
corrosion cracking occurs when the assembly is under 
a high stress for a prolonged period in the presence 
of a corrosive medium. Even the best finishing sys- 
tem provides little protection against this type of 
attack. The most reliable method of eliminating 
stress corrosion is to eliminate the stresses themselves 
by annealing. If this is not practical, working stress- 
es must be kept to a minimum value. 

In general, a safe working stress is about 50 
per cent of the material’s tensile strength. 
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Fig. 1—Tooth load on a 
gear is a typical cause of 
torque, bending, and 
transverse shear in a 
power-transmission shaft. 
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Transverse Shear in 


Tubular Shaft Design 


Transverse shear augments combined stresses to a greater extent in 
tubular shafts than in solid shafts. A graphical method of combining 
the transverse and the torsional shears is presented here. 


VEE C. TSIEN* 

Engineering Specialist 

The Cleveland Pneumatic Tool Co. 
Cleveland, Ohio 


Fig. 2—Sections of a tub- Torsional 

ular shaft illustrate the 

relationship of the bend- 

ing, torsional, and trans- MSSe 
verse shear stresses at a co ee: Transverse gs ae 
typical point (x, y). See 1 ea ; sy i a. ta, 

also Fig. 4 and 7, \ SN Ea ite Tle. tein Bs. a 


(*,Y) 
Bending 
stress, s, 
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Electromechanical Dept., 
Research & Advanced Devel- 
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pq RANSVERSE shear in ordinary shaft design 

© is generally disregarded. One reason is that 
(= transverse shear is usually smaller than tor- 

sional shear and the stresses of bending. It is ex- 
pedient to consider oniy the factors that predominate. 
Many shafts are solid, and the effects of transverse 
shear are less likely to be deterimental in combina- 
tion with torsional shear and bending in a solid shalt 
than in a tubular shaft. 

Another reason is the fact that the maximum 
stresses in transverse shear, which are a consequence 
of a bending load, lie in a plane at right angles to the 
plane in which the tensile and compressive stresses 
are maximum. The latter stresses are zero at the 
neutral axis where the stresses in transverse shear 
are maximum. Since these two maximums occur at 
different places, they are not properly related for 
use in combined stress calculations. 

A third reason is that the stresses in transverse 
shear are not uniformly distributed over a cross 
section. Mathematically, an integration is required 
to establish the distribution reliably and to fix the 
maximum stress from transverse shear. In the de- 
sign of shafts of normal proportions, the extra calcu- 
lations needed to find the transverse shears are sel- 
dom worth the effort. 

Shaft proportions and loading, however, can be 
such as to make an examination of transverse shear 
advisable. The stresses of transverse shear in a 
stubby, hollow shaft supporting heavy bending loads 
are sometimes too great to be neglected. It may be 
worthwhile also to include the effects of transverse 
shear in the design of a long, slender shaft in which 
the torsional shear may be close to the allowable 
working stress. 

This discussion is concerned primarily with the 
stresses in hollow shafts. A new graphical method 
of finding the resultant shear stresses is presented. 
The distribution of transverse shear is examined in 
both solid and tubular sections and comparisons 
made to indicate when transverse shear may or may 
not be significant. 


Basic Stress Relationships: Fig. 1 is typical of a 
cantilever-type hollow shaft. Tooth load on the 
gear induces three kinds of stresses within the shaft: 
Flexural or bending stresses s,, transverse shear 
stresses ¢, and torsional shear stresses 7, Fig. 2. The 
bending stresses are tension and compression in the 
direction of the shaft axis, zz. They are found by 
the usual relationship 

My 


,.-— (1) 
I yz 


The unit stress in transverse shear is found from 
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one of two equations having the general form 


ssa J 2uyd: 2 
o= 21m uydy (2) 

Both transverse shear and the bending stresses 
arise from the same bending load on a shaft, that 
is, by a load perpendicular to the axis. The torque 
causing the torsional shear is 


Tr 
r= (3) 
Tez 
Torsional shear and transverse shear make an 
angle with each other depending upon where the 
point is located within the shaft. They are added 
graphically or geometrically. The resultant shear 
stress at any point is indicated by o,. 
Finally, the component stresses s, and o, can be 


Nomenclature 





= Area, sq in. 

Moment of inertia, in.* 

Polar moment of inertia about zz axis, in.‘ 
Bending moment, |b-in. 

Variable radius, in. 

Constant radii, in. 

Unit flexural or bending stress, psi 

Principal stresses, tension and compression, re- 
spectively, psi 

Torque, lb-in. 

A variable width, in. 

Transverse shear force, Ib 

Variable rectangular coordinates, in. 

Angular position of point where stress is being 
studied, deg 

Unit transverse shear stress, psi 

Algebraic sum of shear stresses and Ty, psi 

Unit torsional shear stress, psi 

Component of torsional shear stress in y direction 
Angles, deg 


Wout db We 


Hou du a 


combined to find the magnitudes and directions of 
the principal stresses. The equations are 


2 
om este fhones) 
i 2 2 


and 





20, 
2% = arc tan , (5) 
New Method for Combining Shear Stresses: Let 
the y-plane be the plane of the bending load, 
Fig. 2. This choice of axis makes the transverse 
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shears parallel to the y direction. The magnitude 
of the transverse shear at any point (x, y) is found 
from Equation 2. 

The direction of the torsional shear, 7, at point 
(x, y) is perpendicular to radius, r. The component 
of + in the y direction is z,, and is readily found by 
resolution. The algebraic sum, o+7y, is any total 
y component resulting from two shear stresses at 
a given point (x, y). 

Boundary conditions at the exterior and interior 
surfaces of the hollow section are the key to finding 
the direction of a resultant shear. The assumption 
is made that the unit stress in transverse shear re- 
mains constant across any distance DE for any speci- 
fied ordinate y, Fig. 3a. 

At boundary points D and E the resultant shears 
must have directions tangent to the free surfaces. 
Two such tangents intersect at some pole O. For 
equilibrium of DE, the resultant shear must also 
pass through pole O; hence the direction of the 
resultant through (x, y) is established by a line 
drawn through points (x, y) and O. Thus by 
geometry, both the magnitude and direction of a; 
at any point (x, y) are established. 

For the region bounded by rey Sr, pole O 
is located as in Fig. 3b. Graphical methods are 
convenient in applying this new method to com- 
bine the transverse aad vertical shears at any point 
within the shaft. Since torsional shear increases 
with the radius, maximum shears generally occur at 
the exterior surface. Here, the total shears on the 
exterior surface are compared, although the stresses 
on the interior surface may be worth examining in 
shaft designs with very thin walls. 


Magnitude of Transverse Shear: Equation 2 takes 
two forms, depending upon whether the ordinate 
y is smaller or greater than radius re. For the region 
re S y = 1, the variable u in Equation 2 is 

u Vr — y2 (6) 


Integration of Equation 2 for this region gives 
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Fig. 3—Left—Tangents to 
the surfaces for any ele- 
ment “«=DE intersect at 
some pole O, 


Fig. 4—Below—Graphb- 
ical construction to illus- 
trate the method of find- 
ing the magnitude and 
direction of a combined 
shear stress. 














4V(r,2 — y?) 


nee resysr (7) 
37 (r* — 128) oT 


c= 


At y=",¢0= 0. 
For the region 0 = y S ro, the variable u has 
the form 


u= yvre— yt — vre— y? (8) 


over this region o is expressed as a function of y by 


4V (ry? + 12 — 2y2 + Vr — y® Vre? —y? 


37 (114 — 14) 





c= 


OSy¥S% 
Aty = 0, 
E 4V (132 + ro? + 1172) 


37 (74 base Tot) 


(10) 


o 





Maximum values of the transverse shear stresses 
o occur at y = 0. If re = 0, the shaft is solid, and 
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Fig. 5—Upper two pairs of curves show how the 
culated principal stresses vary over a quadrant 
of the hollow shaft of Example 2. Lower pair of 
curves shows, for comparison, the calculated princi- 
pal stresses on a quadrant of a solid shaft of equal 
outside diameter and loading. 


either Equation 7 or 10 reduces to 


fan 4V 1 
abet § Po 
An equation of this form is frequently given in 

handbooks for the maximum transverse shear on a 
circular cross section. 

Examp te |: A tubular shaft of 2.5 in. ID and 3.5 
in. OD is used to transmit 5000 hp at 3600 rpm. At 
a section, the bending moment, M, = 50,000 in.-Ib, 
and the transverse shear force is 27,500 lb. Suppose 
the principal stresses at the point (x= 1.06, y= 1.06) 
are wanted. This point corresponds to (r= 1.5, 6=45) 
in polar coordinates. 

Solution: The moment of inertia of the section is 


7 
Tz = Be (1.754 — 1.254) = 5.45 in.4 (12) 


By Equation | the bending stresses, either tension 
or compression, are 


_ 50,000 (1.06) 


8, = —— 


= 9700 psi (13) 
Since y = 1.06 < re, Equation 9 applies in finding 
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Fig. 6—Variations of the principal 
stresses over a quadrant of the inside 
and outside surfaces of the hollow 
shaft of Example 1. 


the transverse shear stress. 
(4) 27,500 (3.298) 
37 (6.9375) 





= 5550 psi 


The torsional shear by Equation 3 is 
__ 87,500(1.50) 


= 12,000 psi 15 
10.90 4 esis 


The component of the torsional shear in the y direc- 
tion is 
T, = 12,000(0.7071) = 8485 psi (16) 


Hence, the total component in shear for the y di- 
rection is 


o + r, = 14,000 psi (17) 


This component is erected from point (x, y) in 
Fig. 4. The pole O is located by the intersection of 
tangent lines at D and E. The direction of o, is 
laid off and the magnitude of 22,000 psi is found 
by measurement. 

From Equation 4 the principal stresses, tension 
and compression, are found to be 26,700 and 17,000, 
respectively. If the transverse shear were neglected, 
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TUBULAR SHAFT DESIGN 


Tabi2 1—Principal Stresses on OD with Transverse Shear 





Variable Sum of 
Ordinate Position | Component 


y(in.) 9 (deg) Ty (psi) 


Transverse 
Stress 
o(psi) 


Angular Torsion 


ty +o 


Components 


Combined 
Shear Stress 
%,(psi) sb (psi) 


Stresses 
Compression 
s2(psi) 


Bending Principal 
Tension 


si(psi) 





0.0 14,000 
0.25 13,860 
13,420 
12,650 
11,500 


11,490 
11,170 
10,180 
8,560 
6,250 


25,490 
25,030 
23,600 
21,210 
17,750 
9,810 2,530 12,340 
7,230 1,370 8,600 
0 0 0 


the principal stresses, tension and compression, are 
calculated as 17,750 and 8,050 psi, respectively. 
ExaMPLe 2: Suppose the same problem is ex- 
amined to find the maximum stresses. It may be 
anticipated that the maximum stress may lie in the 
exterior surface and only the angle is uncertain. 
A practical way of locating the angle associated with 
maximum stress is to compare the principal stresses 
at various angular positions over a quadrant. The 
stress at any point, of course, is the combined stress 


i 
———— 





—— " 
et 6 
1 
Sp 
A 


Point (x,y) 























Fig. 7—Geometrical relation of principal stresses 
at any point (x, y). See also Fig. 3. 


25,490 
24,200 
22,400 
20,350 
17,500 
12,800 
11,000 

8,100 


25,490 0 

25,300 2,300 
24,600 4,590 
23,500 6,990 
21,600 9,170 
17,600 11,480 
16,650 13,760 
14,000 16,060 


25,490 
26,500 


of the components at that point. 

It is convenient to make the calculations for equal 
intervals of the y variable. Table 1 contains the 
results of calculations for y intervals of 14 in. In 
tension, the maximum stress is evidently near the 
25 deg position. 

Fig. 5a shows by curves the manner in which the 
combined stresses vary over a quadrant. The dashed 
lines of Fig. 5b indicate the lower stress values that 
are obtained by calculations in which transverse 
shear is neglected. Fig. 6 shows how the principal 
stresses on the inside surface compare with those 
on the outside. 

ExaMPLE 3: How do the stresses for the hollow 
shait of Example 2 compare with those for a solid 
shaft of equal outside diameter? 

Solution: With re = 0, Equation 7 reduces to 

4V(r;? — y?) 


(18) 


Columns 2 and 3 of Table 2 indicate how the 
magnitudes of transverse shear compare in the two 
shafts. Table 2 also lists values of the principal 
stresses. 

The curves of Fig. 5a and 5c indicate how the 
principal stresses for the two shafts compare over a 
quadrant. Not all of the difference, however, can 
be attributed to transverse shear. When equations 
1 and 3 are applied to the solid shaft, both moments 
of inertia, I,. and I,,, are greater than those for 
the hollow shaft. Hence, the corresponding basic 
stresses s, and 7, as well as o, are smaller for the 
solid shaft than for the tubular shaft. 


Table 2—Principal Stresses on OD of Solid Shaft 





Column 7 
Table | 
sb (psi) 


Bending 
Stress 
sp (psi) 


Variable 
Ordinate 
y(in.) 


Stresses 
Compression 
s2(psi) 


Combined 
Shear 
o,(psi) 


Principal 
Tension 
si (psi) 





0.0 0 0 
0.25 2,300 
0.50 4,590 
6,990 
9,170 
11,480 
13,760 
16,060 


14,200 
13,300 
12,100 
10,850 
9,500 
8,220 
6,900 
6,000 


14,200 
14,080 
13,740 
13,200 
12,470 
11,700 
10,900 
10,380 


14,200 
15,000 
15,500 
15,950 
16,290 
16,680 
17,100 
17,900 
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How to determine the compromise 
between sensitivity and instability 


Self-Optimizing 
Control Systems 


Part 3—Dynamic Analysis 
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HE GENERAL form of one type of multiple 
parameter self-optimizing system was con- 
sidered in a previous article. In that system, 

one or more parameter loops are used to minimize 
a measure of the mean-square error while other loops 
are used to impose certain constraints on the system 
variables. As pointed out then, the overall perform- 
ance of the system depends on the stability of the 
parameter loops and on random signals which cause 
the adjustable parameters to fluctuate about their 
desired values. This article will discuss briefly these 
dynamic effects. 


The stability problem is usually more serious in 
optimizing loops of the kind outlined in Parts 1 
and 2, since the frequency-selective filters used tend 
to promote oscillations. In general, the equations of 
the optimizing, constraint, and subsidiary constraint 
loops used to provide some of the parameter pertur- 
bations must be considered simultaneously. How- 
ever, calculations can be simplified if the constraint 
loops are assumed to act much more rapidly than 
the optimizing loop. Thus, the optimizing-loop 
equation can be treated as if it had only one vari- 
able, 4. The equation of such an optimizing loop is 


S = —Km(t)F(p) [ a sact) | (10) 
apts ee 

Equation 10 is based on the assumption that d is 
driven by an integrating motor, and that only the 
required perturbation in e?(t), at frequency Q, 
passes through the filter. However, if input x(t) to 
the control system is random, then the frequency 
spectrum of e?(t) will, in general, take the form 
shown in Fig. 11. Therefore, the frequency spec- 
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0 


System Poraometer, A 


Fig. 12—For small variations in param- 
eter about the optimum condition, the 
mean square of error curve can be treated 
as approximately parabolic. 
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Fig. 13—Band-pass filter. Basically, 
the system is a twin-tee network in 
the feedback path of a high-gain am- 
plifier. 
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Xo 
8A(t) 
Ar 


Spectral density of e2(t) fluctuations 
Coefficient of mean square error curve 
Mean square of error 

Mean square of apparent error 


= Increment in mean square of error 


Control-system error 
Apparent error 
Transfer function of filter 


= Overall transfer function of control system 


Hunkuna 


Wout 


Gain constant 

Demodulating signal 

Mean square of noise 

Noise 

Differential operator, d/dt 
Dynamic factor of bandpass filter 
Time variable 

Input-spectrum constant 
Control-system input 

System parameter 

Optimum parameter setting 
Parameter perturbation 
Amplitude of parameter perturbation 


€ = Parameter variation 


(a) 
v 
Q 


Spectrai-density function 

Bandwidth of noise spectrum 
Frequency of parameter perturbation 
Frequency variable 


SELF-OPTIMIZING CONTROL SYSTEMS 


trum will contain components at all frequencies in 
the bandwidth of the filter. In this frequency range, 
the spectral-density function of the random com- 
ponent of e?(t) is effectively a constant, A?, where 

a? = —— | $2(0)du (11) 

Il — 0 

Equation 11 is based on the assumption that © 
is small compared to the bandwidth of the main 
control system. For example, assume the input to 
the system to have a spectrum given by 

x2 


ee 


and the system is approximated by the transfer func- 


tion, Fig. 11, 
|Z-uo! = (+) 


foro < » < wp», and 
oe 
| —(jo) =1 
x 
for w > wp. Then, 
8 at 
A2  - — an 
3 


and Equation 10 can be rewritten 


Basal = —Km(t)F(p) [ Ssace) + AA(t) ] (12) 
dt ar 

where A(t) represents a random signal having a 
spectral density of unity for all frequencies. In in- 
vestigating Equation 12, certain assumptions will be 
made. First, in the neighborhood of the optimum 
point, Fig. 12, the form of E(A) can be written as 


a 
E(\) = E, + ae (A — Ao)? 
If € = X’—A,, then Equation 12 can be simplified to 


Xo 


at 


dg 


+ Km(t)F(p) [ at (t)éd(t) + aact) | s 


A well-known form of band-pass filter is shown 
in Fig. 13. This filter can be made highly selective 
at frequency © if RC = 2/0 and if gain g of the 
amplifier is large. If the bandwidth of the parameter 
loop is small compared to ©, then £(t) is effectively 
a signal which amplitude modulates 8A(t). The 
resulting signal is then filtered and demodulated 
in the phase-sensitive detector. The dynamic effect 
of these operations on the signal £(t) can be approxi- 
mated by the transfer function, 

29 
Q 
ten hs 


where Q = 4g/S. The equation of motion of the 

optimizing loop about a fixed optimum, A = A, can 

be written 
dt 
at? 


Q dt 
+ ——— + 2KaDv\t = 2KAQNA(t) 


Q at 
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Fig. 14—Above—Spectral-density function of 
noise can often be writien },(w) =2Nv/(w?+ 


uv?) where N is the mean-square value a 


#, (w) 


Characteristic of filter, F, 


v is 


the effective bandwidth of the noise signal. 


Fig. 15—Above—The function 
ren Se can be set up on a 

inction-generating potentiom- 
eter as shown, by choosing suit- 
able values of resistors (v,, 
UV, ...). The shaft of the 
ao r is driven by the 

ice which monitors \. 





Spectrai-Density Functions 


Fig. 16—Left—If the noise 
spectrum is wider than the sig- 
mal spectra, a a 3 whose 
mean square is roughly propor- 
tional to N can be pe ob ae yw 








Frequency, w 


where AA is the amplitude of the perturbation in 4. 
Thus, the mean square of the parameter fluctuations 
about Ao is 

A2KQ 


72= 
‘ adr 


Thus, the fluctuations increase with gain K of 
the integrating motor and with Q of the filter. For 
accurate following of any variation of optimum value 
Ao, KQ should be as high as possible, consistent with 
suitable stability characteristics. The equation rela- 
tion relating A to possible variations in A, is 

d? 2 dr 
+ ——— + (2KaMAd)\ = (2KaNAd)),(t) 
dt2 @Q dt 

The loop can be made suitably damped by 
choosing 

2 


1D. 5 ceneapehiiae 


2Kadid 


In this case, the speed of response is determined 
by the bandwidth of the parameter loop, given by 


@, = V KaAx(2/2) 


The relationship between the mean square of the 
parameter fluctuation about optimum and the band- 
width of the parameter loop is, therefore, 

t2 = w.(—Ad)? (13) 

a 
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bandpass filtering the total in- 
put at frequency »,,. 


Equation 13 shows that increasing the speed of 
response of the parameter loop, by increasing the 
bandwith w,, also has the effect of increasing the 
mean-square of fluctuation. The choice of band- 
width must therefore involve a compromise. 

Equation 13 apparently indicates that the random 
parameter fluctuation can be reduced by increasing 
amplitude AA of the perturbation. However, this 
increases the mean square of the parameter pertur- 
bation itself, and the mean square of the total para- 
meter variation is therefore 


‘ Anz Aa XO ae 
é 3+... = @ ( - AX ) , aes 
2 2 


a 


(13) 


The perturbation amplitude which minimizes this 
expression is 


Ar2 = A y~ 


a 2 


The average value of the increase in mean-square 
error, which results from this variation in A, is 


SE + AV 20. 


This equation gives a lower limit to the accuracy 
with which the parameter-loop will settle about the 
optimum condition. In practice, the values of A 
and a will vary widely as the signal or plant charac- 
teristics change. Thus, the parameter-loop band- 
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Fig. 17—In the proposed sys- 
tem with a noise-contaminated 
input, two loops are used to 
measure the two components 
which when added together 
ive a measure of 0E/0X. The 
lock diagram, as well as typ- 
ical plots of the two compo- 
nents and their sum, are shown. 








width and its stability characteristics will also 
change. Because of these changes, larger increments 
in the mean-square error will result, particularly 
from transient errors in the parameter loop. Values 
of parameter-loop constants K, Q, r, and AA can be 
chosen to minimize the total increment in the mean- 
square error. However, this approach involves a 
knowledge of how the signal characteristics are 
likely to change. 


Systems with Noise: As explained in Part 1, when 
the input x(t) to the control system is contaminated 
by noise n(t), the methods outlined previously are 
not applicable directly, because error e(t) cannot be 
measured in the control system. Instead, the control 
loop operates on an apparent error, 


e’(t) = e(t) + n(t) 
The mean square of this apparent error is 
E’ = et + 2e(t)n(t) + nt 
where the average is taken over a very long time 
interval. In the situation in which the spectral den- 
sity of the noise is given by ®(o) = 2 Nv/o?v?, 
Fig. 14, it can be shown that 


E'=E+N{[1—2H(s)]v = 2 (14) 


where N is the mean square of noise and H(s) is 
the overall transfer function of the control system. 
From Equation 14, 

0H 0H’ 


oH 
—— = —— + &V —— (») 
an an an 


(15) 
The perturbation method previously discussed will 
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provide 0E’/dA. A function potentiometer, as shown 
in Fig. 15, will provide 0H(v)/0d as a function of Xd. 
In order to evaluate the remainder of the right-hand 
side of Equation 14, a measure of N must be ob- 
tained. Frequently, the bandwidth of the noise ex- 
tends well beyond the bandwidth of the signal x(t), 
Fig. 16. In such cases, a measure of N can be ob- 
tained by passing the total system input through 
bandpass filter F, tuned at a frequency o, outside 
the signal bandwidth. The mean-square output of 
this filter gives a measure of N. This result can be 
achieved by passing the output of F, through a 
square-law device and a low-pass filter. 

The complete self-optimizing system is shown in 
Fig. 17. The two terms on the right of Equation 15 
are added to construct a measure of 0E/dA. This 
signal can then be used to monitor the parameter A, 
exactly as before. This type of system possesses all 
the problems previously mentioned. Additionally, 
it depends on an accurate measure of N. Prior 
knowledge of transfer function H(s) must be avail- 
able. Also, the system accuracy will be sensitive 
to changes in plant characteristics. 

This series of articles has discussed one approach 
to the problem of self-optimizing systems. Although 
many other possibilities are being investigated, this 
subject is still in its infancy. The full potentialities 
of self-optimizing systems have yet to be realized. 
However, before the additional complications of 
self-optimization are introduced into a system, an 
evaluation should be made to determine whether 
the results will be worthwhile improvements over 
those obtained by a fixed-parameter system. 


Macuine Desicn 





Here are two nomograms that simplify 


calculations of... 


Compressibility of Fluids 


¢ pressure change vs. volume change 


¢ velocity of a pressure wave 


ROBERT M. SANDO, Fellow Engineer 


Air Arm Div., Westinghouse Electric Corp. 


Baltimore, Md. 


LUIDS may be compressed by inducing a pres- 
Fk sure disturbance. The result is a change in 
fluid volume and density. This phenomenon 
takes place at the expense of the space between 
molecules. As molecular spacing is reduced, further 
compression of a fluid becomes more difficult. 
Two relationships that are frequently required 
for hydraulic design calculations are: 1. The change 
in volume of a fluid that is subjected to an increase 


Nomenclature 





Cross-sectional area of piston, sq ft 

Fluid compliance, ft per Ib 

Mechanical compliance of other parts in 
hydraulic system, ft per Ib 

Piston displacement, ft 

Bulk modulus of fluid, lb per sq ft 
Natural frequency of system, rad per sec 
Linear spring constant of fluid, lb per ft 
Increase in load on piston, Ib 

Length of pipe line, ft 

To:al mass acting on hydraulic system, 
lb-sec /ft 

Increase in fluid pressure, lb per sq ft 
Original fluid volume, cu ft ¢ 
Decrease in fluid volume, cu ft 

Inside radius of pipe, ft 

Hoop stress in pipe walls, lb per sq ft 
Time period, sec 

Thickness of pipe wall, ft 

Velocity of pressure wave, fps 

Velocity of liquid under steady-state con- 
ditions, fps 

Original fluid density, lb-sec?/ft+ 

Increase in fluid density, Ib-sec?/ft* 
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of pressure. 2. The velocity of a pressure wave (or 
velocity of sound) in a fluid that is subjected to a 
sudden increase in pressure. How these relation- 
ships are used in preliminary calculations is dem- 
onstrated here, and two charts are presented to 
permit quick determination of the desired numerical 
values. 


Natural Frequency: One of the important factors 
to be determined in the design of a hydraulic system 
is the mechanical natural frequency of the com- 
plete system. The natural frequency should, of 
course, have a value different from any induced 
frequencies that might be generated by a disturbing 
force. Otherwise, resonance could cause a large 
magnification of input load to act upon the hy- 
draulic system. 

Because a fluid is compressible, it possesses a 
“spring constant.” Fluid compliance, the reciprocal 
of the spring constant, is used to determine the 
natural frequency of the system. Equations for this 
procedure are: 


(1) 


(2) 


Cc (4) 
For the final equation, fluid compliance is added 
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to the mechanical compliance of the other com- 
ponents that make up the system: 


io 
n= (o+0)M (5) 


The relationship between AP and AQ can be 
expressed in terms of the bulk modulus of a fluid. 
By definition, bulk modulus is the change in vol- 
ume per original volume that is obtained by an 
increment of pressure, or 


(6) 


This relationship is represented by Fig. 1. Thus, 
with either AP or AQ known, the other can be 
quickly obtained. The kind of fluid and original 
volume will be known, and a value for the bulk 
modulus can be found in standard handbook tables. 


Maximum Line Stress: Velocity of a pressure 
wave through a fluid is important because it is 


a 


E A@ A@ AP @ 
@ 
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used in calculating the increase in pressure in a 
pipe line when a valve, turbine gate, or faucet is 
suddenly closed. Action of a piston or similar com- 
ponent can also create a sudden pressure increase in 
a hydraulic system. The kinetic energy of the ar- 
rested column of fluid is expended, if no relief de- 
vices are provided, in compressing the fluid and 
stretching the pipe walls. However, in this analysis 
the pipe walls are considered to be rigid or inelastic. 

The increased pressure induces an additional stress 
on the pipe walls and must be added to the steady- 
state pressure to determine pipe diameter, wall 
thickness, and structural material. The increase in 
pressure is found from: 

AP = V.VW (7) 
The increment of pipe stress resulting from the in- 
ternal pressure rise is 

rAP 
AS = : (8) 


The pressure increase and resulting stress increase 
exist if fluid flow is checked or changed rapidly 








+10 





Pressure 
Change, AP 
(1000 Ib/sq ft) 


Bulk 40 Volume 
Modulus, & Change, AQ 
(1,000,000 Ib/sq ft) (cu ft) 


Fig. 1—Nomogram for determining pressure change versus volume change of fluids under compression. 
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Table 1—Bulk Modulus and Specific Weight 
for Water 





Water Pressure Bulk 
Temp. Range Modulus 
(F) (psia) E (psi) 


Specific 
Weight 
(Ib/cu ft) 





40 14.7 to 368 288,000 
368 to 735 291,000 
1470 to 2940 308,000 


14.7 to 368 293,500 
368 to 735 298,500 
1470 to 2940 319,000 


14.7 to 368 297,000 
368 to 735 305,000 
1470 to 2940 397,500 


14.7 to 368 299,000 
368 to 735 309,000 
1470 to 2940 333,500 


14.7 to 368 300,000 
368 to 735 312,500 
1470 to 2940 338,000 




















Table 2—-Bulk Modulus and Specific Weight 
for Petroleum Derivatives 





Water Average Bulk 
Temperature Modulus,* E 
(F) (psi) 


20 180,000 
270,000 
350,000 
170,000 
250,000 
340,000 


~ 150,000 
240,000 
330,000 


140,000 
225,000 
300,000 


125,000 
200,000 
270,000 


110,000 
175,000 
240,000 


Range of 
Specific Weight* 
(Ib/cu ft) 


45 to 50 
50 to 60 
60 to 70 


451050 
50 to 60 
60 to 70 


— 45t0o50 
50 to 60 
60 to 70 


a “gs 
50 to 60 
60 to 70 


45to 50 
50 to 60 
60 to 70 


45 to 50 
50 to 60 
60 to 70 

















*Pressure range: 0 to 1000 psig. 


Table 3—Bulk Modulus and Specific Weight 
for Petroleum-Base MIL-H-5606A Hydraulic Fluid 


Temperature Bulk Modulus* Specific Weight* 
(F) E (psi) (Ib/cu ft) 


—65 315,000 57 
0 285,000 55 
100 230,000 53 
200 190,000 50 
300 135,000 48 
400 85,000 45 











*Measured at atmospheric pressure. 
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Fig. 2—Nomogram for determining velocity of a 
pressure wave through fluids under compression. 


within time period T: 
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These conditions allow a wave of increased pres- 
sure to be transmitted back through the pipe with 
constant velocity and intensity. Therefore, velocity 
of a pressure wave must be considered in the design 
of closing valves, gates, etc. For example, slow- 
closing valves on long pipe lines permit the pressure 
wave to travel upstream and back several times while 
checking is in progress. Thus, the amount of excess 
pressure is reduced. 

Quick determination of pressure-wave velocity 
speeds the design calculations. From the basic laws 
of impulse and momentum, 


va 


Equation 6 can also be expressed as 


AP 
AW 


Ww 


(10) 


or, 


E AP 


Ww AW 
Substituting Equation 12 into Equation 10, 


(3) 
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This relationship permits determination of pressure- 
wave velocity from fluid characteristics and is the 
basis of Fig. 2. 

Tables 1, 2, and 3 give approximate values for 
the characteristics of some fluids commonly used in 
hydraulic systems. For use in Fig. 2, fluid density 
can be obtained from 


w=— 
9g 

where p = specific weight, lb per cu ft; g = acceler- 

ation of gravity = 32.2 it per sec?. 


Example: A closed cylinder containing 9.5 cu ft 
of water in a “no-load” condition at sea level at- 
mospheric pressure and temperature. A line pressure 
of 1000 psi is imposed on the fluid by a hydraulic 
ram. Find the decrease in volume of water and the 
velocity of the pressure wave in the water. 


SotuTion: Assume that, for the specific conditions 
listed, standard handbook tables give bulk modulus 
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of water = 300,000 psi and specific weight of wa- 
ter = 62.40 lb per cu ft. Then, 


E = 300,000(144) = 43.2 X 106 lb/ft? 


62.40 
w= = 1.94 lb-sec?/ft* 
32.2 


Since pressure increase over atmospheric pressure 
is 1000 psi, 


AP = 1000(144) = 1.44 X 105 lb/ft? 


In Fig. 1, draw a line from E = 43,200,000 to 
AP = 144,000. From the intersection of this line 
with the AQ/O scale (0.0033), draw a second line 
toQ = 9.5. The intersection of this second line with 
the AQ scale gives an incremental decrease in volume 
of AO = 0.031 cu ft. 

In Fig. 2, draw a line from E = 43,200,000 to 
W = 1.94 (or to 62.4 lb per cu ft on the alternate 
specific density scale). The intersection of this line 
with the V scale gives a pressure-wave velocity of 
V = 4740 fps. 





Short-Run Castings 


Making castings in small quantities presents a 
problem—an economic one involving patterns. This 
problem often can be solved when an original part 
or a prototype is available to form the basis for a 
pattern. 

When this is the case, the following preparations 


can transform the part into an ersatz pattern: 

1. Machined surfaces are built up with layers of wood 
veneer. Rubber cement is used so that the wood can 
be easily removed. 

. All machined holes are plugged. For holes up to 4% 
in., wax is practical; holes to % in., clay; holes over 
5% in., wooden plugs are used, with wax fill. 

3. To allow for over-all shrinkage, the part is dipped in 
beeswax. 

Necessary coring frequently presents additional 

problems in keeping costs down on short-run cast- 
ing requirements, 


Problem: The part shown in Fig. la required 
cores that boosted estimated foundry costs to $75 per 
casting for a run of six pieces, Total estimated cost 
per piece, including machining, was $100. 


Solution: The original casting was sawed into two 
pieces, Fig. 1b, prepared for pattern duty, and a cast 
at a cost of $6.65 per pair. The new castings were 
welded and machined. Total cost saved on six com- 
pleted pieces was over $400.—Howard Zen, me- 
chanical engineer, Link Div., General Precision Inc., 
Binghamton, N. Y. 


Do you have @ helpful tip or technique for our other 
readers? You’ll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bldg., Cleveland 13, O. 
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DESIGN ABSTRACTS 


Basic properties and selection of 


Friction Materials 


Two general classifications of 

friction materials are organic 
and inorganic. The simplest organic 
types use leather or wood. More 
advanced commercial types are 
combinations of manufactured ma- 
terials in which variables are re- 
duced and performance limits ex- 
tended. Inorganic types are under 
development. Common properties of 
both are thermal stability and re- 
sistance to heat. Discussion in this 
paper is limited to organic materi- 
als for brakes and clutches. 


Composition: Most friction mate- 
rials are combinations of several 
functional members. Woven friction 
material, for example, is asbestos 
woven with a metai complement, 
and impregnated with a binder. A 
refinement is a mixture molded to 
a desired shape under heat and 
pressure. 

From their structures, there are 
two essential differences between 
woven and molded materials. Wov- 
en materials are likely to be flexible 
or semi-flexible, and molded materi- 
als are likely to be rigid or semi- 
rigid. Woven materials are likely to 
have higher friction coefficients and 
to wear faster than molded mate- 
rials. 

Another distinction is that woven 
materials conform more readily to 
drum surfaces. They can be applied 
to a variety of radii without the 
need of special forming. Molded 
materials take longer to wear in or 
seat and, if rigidly molded, must be 
ground to the drum diameter. 
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Performance: The behavior of 
friction materials is affected more 
by temperature than any other con- 
dition. High temperature reduces 
friction coefficients and increases 
rates of wear, Table 1. Generally, 
if temperature is kept low, prefer- 
ably below 300 F, wear on the fric- 
tion material will be low, and the 
friction coefficient will vary only 
within narrow limits, The desirabili- 
ty of low operating temperatures 
suggests supplementary cooling, 
large radiation areas, or high heat 
capacity in the surrounding ele- 
ments, depending whether the serv- 
ice is continuous or intermittent and 
with what frequency. 

Friction coefficients vary some- 
what with changes in unit pres- 
sure, but this is simply to say that 


they vary with temperature. As unit 
pressure increases, work done per 
square inch increases, resulting in 
a higher rate of heat generation. 

In addition to temperature and 
pressure, indeterminate factors affect 
the performance of friction materi- 
als. Sometimes, foreign substances 
such as lubricants or abrasives are 
deliberately introduced between sur- 
faces to change the characteristics 
of friction engagement temporarily. 
Then there are conditions that can- 
not be controlled, such as the ac- 
cumulation of moisture and oxida- 
tion on the drum. Whatever the 
cause, for whatever duration of time 
a condition exists, foreign matter 
acts as a divorcing agent between 
the friction material and its mating 
surface and prevents the material 
from working as expected. 


Selection: The size of the parent 
mechanism must be determined first. 


Table 1—Rates of Wear of Friction Linings 





Temp 


Test Conditions 
(PF) 


—— Rate of Wear (cu in. per hp-hr) —— 
Dry-Mix Molded Woven 
Lining Lining 





Continuous contact 
at 10% fps and 50 psi: 


GM Test 350 
HTWT Test 500 


0.0030 
(0.42)* 





Intermittent contact 
in dynamometer test: 
Stops at 1 min intervals from 
50 mph, 30 fps initial velocity, 
16 ft per sec per sec deceleration. 
Stops at 1 min tntervals from 1000 
75 mph, 45 fps initial velocity, 
16 ft per sec per sec deceleration. 





*Numbers in brackets are average coefficients of friction. 
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Fig. 1—Relationship of anchor-end pressure and angle of wrap 


for typical friction band. 
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Fig. 2—Relationship of anchor-end pressure and drum diameter 


for typical friction band. 


Table 2——-Working Pressures for Types of Materials 





Types of Material Maximum 
Pressure 
(psi) 


Maximum 
Velocity 
(fpm) 


Max Drum Temp 
for Constant 
Operation (F) 








Molded Blocks 150 
Molded Linings 100 
Woven Linings: 
% to % in. thick 50 
% to 1% in. thick 100 


That will be a function of the fric- 
tion coefficient chosen and the unit 
pressures under which the friction 
material will operate. 

The choice of a friction coeffi- 
cient depends upon the published 
rating of the material. The coeffi- 
cient is adjusted for whatever ex- 
treme factors are expected to occur. 
A safe choice for design purposes 
is a coefficient of 0.25 where the 
manufacturer states an average of 
0.4 at 400 F. 

The choice of unit pressures is 
complicated by several factors, but 
if the friction material alone were 
to be considered, values shown in 
Table 2 are acceptable. These val- 
ues are empirical recommendations 
and attempt to take into account 
limiting considerations such as: 

Enercy Input: It is desirable to 
keep energy input below 0.5 hp 
per sq in. of friction surface. This 
value can also be expressed as 16,- 
500 ft-lb per min per sq in. 

Rivet Howpinc StrenctH: Gen- 
erally, all the materials in the fas- 
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7500 650 
5000 500 


7500 
5000 


tening system are adequate in bear- 
ing or compressive strength. The 
criterion resolves about the shear 
stress induced into the friction ma- 
terial, fastener, and the band, 

SPACING OF Fasteners: It is de- 
sirable to keep fasteners 1% in. from 
all edges. Ends of individual seg- 
ments of friction material should be 
held down with a minimum of two 
rivets per line. Intermediate rivets 
may be staggered. 

AMOUNT OF MATERIAL FOR WEAR: 
Refer to manufacturers specifications 
for the thickness in which the ma- 
terial under consideration is made. 
Be guided by past experience, or 
project the rate of wear data so 
that mechanisms will provide a rea- 
sonable life span. Remember that 
only the material above the rivet 
heads is available for wear. 

Friction material reinforces and 
stiffens bands. In clutches and 
brakes which use bands, it is de- 
sirable to have the band flexible to 
achieve the proper wranping action 
and to retract freely. The more seg- 


ments with spaces in between, the 
more the band assembly will be 
pliant. In the case of rigid molding 
materials, it is almost mandatory 
that the lining be segmented. In 
the case of woven materials, it is 
desirable. 

Consider the pressure distribution 
to be encountered, depending on the 
design. Due to wrapping action, the 
tension in the live and dead ends 
of the band, and consequently the 
pressure of the friction material 
against the drum, is a variable, The 
influence of angle of wrap on the 
pressure ratio between the live and 
dead ends of the band, and the ef- 
fect of drum diameters on the same 
factors, are illustrated for typical 
examples in Fig. 1 and 2. 

Another factor is surface speed. 
Maximum values are determined 
empirically and revert basically to 
the rate of heat generation. Typical 
values are shown in Table 2. 

The metallurgy of the mating sur- 
face has a bearing on the perform- 
ance of friction materials. An RMS 
finish of 90 is a fairly good average. 

Friction materials are an expend- 
able item and usually a minor ele- 
ment in the total cost of a brake. 
The labor of applying a low cost 
or a high cost materiai is about the 
same. Selection from materials of 
different cost should be based on the 
service periods of the machine. Gen- 


Macuine Desicn 











erally, woven materials are more ex- 
pensive than molded materials in 
the first place, and because they 
wear faster, they are higher cost ma- 
terials in the long run. 


SAE Paper No. 224B, “Excavator 
Clutches and Brakes—Basic Properties of 
Friction Materials,” presented at the SAE 
National Farm, Construction and Indus- 
trial Machinery Meeting, Milwaukee, Sept., 
1960, 12 pp. 
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Junction Problem of Solid- 
Slotted Cylindrical Shells 

D. H. Cheng, The City College of New 

York, and N. A. Weil, Mechanics Re- 

search Div., Armour Research Founda- 

tion 
A solution for the problem of three 
cylindrical shells, one of which is 
slotted lengthwise. 

With slot length as one of the 
parameters, the solution includes the 
solid three-shell problem as a par- 
ticular case. The results are applica- 
ble to the stress problem of a closed- 
end vessel supported either by a 
slotted or an ordinary skirt, or one 
that is mounted on top of another 
vessel. It is shown that slotting sub- 
stantially reduces the critical stress 
at the junction. 

ASME Paper No. 60-APM-2, “The Junc- 
tion Problem of Solid-Slotted Cylindrical 
Shells,” presented at the Summer Confer- 


ence of the Applied Mechanics Div., Uni- 
versity Park, Pa., June, 1960, 7 pp. 


Expansion of Thick-Walled 

Cylinders Made of 

Cold-Bent Plates 

Irwin Berman, staff engineer, Research 

Div., Foster-Wheeler Corp. 
Elastic-plastic expansion by internal 
pressure of thick-walled cylinders 
that were fabricated by cold bend- 
ing initially flat plate. 

This analysis uses the principal 
shear theory of piecewise linear plas- 
ticity. The strain-hardening mate- 
rial may have been initially aniso- 
tropic and may have developed in- 
homogeneity and further anisotropy 
due to the cold beading. Numerical 
example shows that, even for ma- 
terials which have similar initial 
yield properties before bending, 
there are substantial differences in 
terms of the pressure at which ini- 
tial yielding occurs in the cylinder 


September 29, 1960 


DESIGN ABSTRACTS 





and in terms of subsequent cylin- 
der behavior. Those differences in 
cylinder behavior occur because the 
materials which are compared have 
yield surfaces which behave differ- 
ently when the material is plasti- 
cally strained. 


ASME Paper No. 60-APMW-2, “Expan- 
sion of Thick-Walled Cylinders Fabricated 
from Cold Bent Plates,” presented at the 
West Coast Conference of the Applied Me- 
egy Div., Pasadena, Calif., June, 1960, 

Pp. 


Strain-Hardened 
Circular Cylindrical Shells 


Nicholas Perrone, Associate Professor of 

Engineering Science, Pratt Institute, and 

P. G. Hodge, Jr., Professor of Mechan- 

ics, Illinois Institute of Technology 
A consistent kinematic hardening 
theory termed complete hardening, 
based on a known initial yield con- 
dition, and applied to determine the 
general flow laws for rotationally 
symmetric shells. 

Representative “long” and “short” 
cylindrical shell problems with zero 
axial load are solved using complete 
hardening and a simpler but ap- 
proximate kinematic hardening 
theory termed direct hardening. The 
direct-hardening results compare fa- 
vorably with those for the complete- 
hardening theory. 

ASME Paper No. 60-APM-20, “On 
Strained-Hardened Circular Cylindrical 
Shells,” presented at the Summer Confer- 


ence of the Applied Mechanics Div., Uni- 
versity Park, Pa., June, 1960, 7 pp. 


Metal Fabrication 

By Explosives 

Vasil Philipchuk, manager, Special 

Projects Dept., National Div. American 

Potash and Chemical Corp. 
Methods and materials which have 
been used successfully in fabrication 
by means of explosive forces. These 
forces vary with the amount of ex- 
plosive, the type of explosive, and 
the location of pressure monitors 
from the explosive charge. In se- 
lected degrees, these factors are com- 
bined to meet the requirements of 
end products. The temperature of 
processed metal is also a factor, al- 


though nearly all work to date has | 
been conducted with metal at am- | 
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Want continuous production...to cut 
installation costs? Investigate the 
advantages of Rex Segmental Rim 
Sprockets and Traction Wheels. 
Tough, long-lasting special cast steel 
rims bolt simply to either split or solid 
hub body. When, after long service 
life, replacement is required, all you do 
is replace the worn rim...the hub body 
remains on the shaft. Mail the coupon. 


SPROCKETS AND WHEELS 


Ez CHAIN Belt Company 
4643 W. Greenfield Ave. 
Milwaukee 1, Wisconsin 


(In Canada: CHAIN Belt (Canada) Ltd., 
1181 Sheppard Ave. East, Toronto) 


Send me my copy of Bulletin 55-55. 
Have a Rex man call. 


Company 
Address 
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DESIGN FACTS ABOUT ABRASION RESISTANCE: 


New Climax 6-1 alloy 
offers production economies 


To meet the increasing need for an austenitic steel 
offering a combination of moderate ductility and good 
wear resistance, Climax Molybdenum has developed a 
new 6% manganese—1% molybdenum steel. 

In parts where this balance of characteristics is de- 
sired .. . such as certain grinding mill liners, ballmill 
shell liners, screen bars, discharge grates, roll shells, 
impact pulverizers and certain earth moving parts .. . 
this new lean manganese-molybdenum alloy offers cer- 
tain economies. 

Climax 6-1 has already demonstrated its wear resist- 
ance in both grinding and gouging types of abrasion. 
For example, in discharge grates, as shown above on 
left, performance of 6-1 has been outstanding. Wear 
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measurements indicate that grates cast from 6-1 will 
have practically twice the life of the cast chromium 
molybdenum steel formerly used. In addition, the 6-1 
alloy grates show better peening characteristics on 
their wearing surfaces which helps prevent plugging 
of the grate openings by worn steel balls. 

Carbon 1.25 - 1.40% 
Manganese 5.50 - 7.00% 
Silicon 0.40 - 0.70% 
Molybdenum 0.80 - 1.20% 
Phosphorus 0.05 max 


For more complete details on this new member of the 
Climax alloy family, write for “Austenitic Manganese 
Steels” on your company letterhead. 


COMPOSITION OF 6Mn 
1Mo 





worsen CLIMAX MOLYBDENUM COMPANY 


a division of American Metal Climax, Inc. 


1270 Avenue of the Americas, New York 20, N.Y. 


Circle 479 on Page 19 
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bient temperature. 

The main areas of interest in ex- 
plosive fabrication are: Sizing, form- 
ing, forging, welding, compaction, 
and conditioning. Other processes 
of minor interest are embossing, 
shearing, flanging, joggling, thread- 
ing, and extrusion. 

The principal difference between 
conventional and explosive fabrica- 
tion is the pressure-time work char- 
acteristics. Experience to date shows 
that high hydrostatic pressure on 
metals increases many-fold the plas- 
tic deformation possible before frac- 
ture. 

ASME Paper No. 60-MD-4, “Metal 
Fabrication by Explosives,” presented at the 


Design Engineering Conference, New York, 


May, 1960, 5 pp. 


fechniques 


Computers in Control Systems 


Arthur S. Robinson, Eclipse-Pioneer 

Div., Bendix Aviation Corp. 
Basic considerations associated with 
the coming era of computer con- 
trol. Major advances in the com- 
puter control art are now possible, 
based on digital computing tech- 
niques. To make these advances 
rapidly and efficiently, the efforts 
of both digital computing and con- 
trol engineering must be combined. 

Computer applications might 
logically be extended to the control 
of national economy — shades of 
technocracy!—if human beings were 
more predictable. 

ASME Paper No. 60-MD-8, “Computers 
in Control Systems,” presented at the 


Design Engineering Conference, New York, 
May, 1960, 12 pp. 


Thermal Stresses in a 
Work-Hardening Sphere 
Chintsun Hwang, head, Commercial 
am, The National Cash Register 
Method for obtaining the transient 
thermal-stress distribution and the 
residual stresses in a spherical body 
where the time-dependent tempera- 
ture distribution is symmetrical with 
respect to the center of the sphere. 
The material is assumed to be 
élastoplastic, while in the plastic 
range it work-hardens isotropically. 
The thermal and mechanical prop- 
erties of the material are assumed 
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to be temperature independent. The 
problem is reduced to a single non- 
linear differential equation which is 
solved numerically on the NCR 304 
digital computer. Several sets of nu- 
merical data represent various de- 
grees of work-hardening in the 
spherical bodies during a cooling 
process. 

ASME Paper No. 60-APMW-8, “Therm- 
mal Stresses in an Elastic, Work-Harden- 
ing Sphere,” presented at the West Coast 


Conference of the Applied Mechanics Div., 
Pasadena, Calif., June, 1960, 6 pp. 


Thermoelastic 
Stresses in Beams 
E. S. Barrekette, Assistant Professor of 

Civil Engineering, Institute of Flight 

Structures, Columbia University 
Analysis of thermal stresses in 
beams based on the linear, three- 
dimensional theory of elasticity. 

The step-by-step method is de- 
veloped in general terms and is 
applied to a general thermoelastic 
stress analysis of isotropic, homo- 
geneous, simply connected free 
beams. A solution for the stresses 
and displacements is given for the 
special case of a right circular cylin- 
drical beam subjected to tempera- 
tures varying only with the axial 
co-ordinate. 

ASME Paper No. 60-APM-28, “Thermo- | 
elastic Stresses in Beams,” presented at the 
Summer Conference of the Applied Me- | 
chanics Div., University Park, Pa., June, | 
1960, 9 pp. 





Air Cooling vs. Water Cooling 

In Rough-Service Engines 

H. H. Haas, vice-president, Research | 

and Development, Klockner-Humboldt- 

Deutz AG 
Characteristics which influence the | 
choice of air-cooled or liquid-cooled 
engines for rough service. Water 
and air-cooled engines are used side | 
by side for almost all applications | 
in sizes of 1 to 4000 hp. Extreme | 
groups are almost uniformly air- 
cooled. 

In reliability of operation, aircool- 
ing is superior for these reasons: 


1. Ability to operate satisfactorily at 
ambient temperatures ranging from 
+120F in deserts to —65F in arctic 
regions without special provisions. 

2. Outstanding emergency capabilities 


| 
| 


145 | 


ysWalelial=ie 


CUT RIGHT... 


NOT 
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Sprockets that are not cut right can cut 
chain life by as much as 50% to 75%. 
For smoothest action...for maximum 
service life of both chain and sprockets, 
cut-tooth sprockets must be made to 
precise tolerances. Rex Cut-Tooth 
Sprockets are made to exact tolerances 
to fit precisely with the chain for longest 
life of both chain and sprockets. For 
more data, mail the coupon. 


CUT-TOOTH SPROCKETS 


CHAIN Belt Company 40 
| 4643 W. Greenfield Ave., Milwaukee 1, Wis. 


(In Canada: CHAIN Belt (Canada) Ltd., 
1181 Sheppard Ave. East, Toronto, Ontario.) 
0 Send me Catalog No. 610. 

(C1) Have a Rex Man call. 








NODULAR LAMINATED BRAZING STEEL ADAPTER 
CASTING FILLER TYP. LINER 


SHELL COPPER CONE 








The four components of the nose assembly — nodular iron casting; low-carbon welded steel 
canister which measures 34” long, 15/2” diameter at one end and 1734” at the other; 
spun copper cone and low-carbon steel ring. The thinner rings are Easy-Flo 45 wire 
braided for precise alloy position and control. 


Martin Develops 
New Induction Heating Methods 


to Braze Lacrosse Missile Assembly 


With ELASY-FLO 45 





One of the largest assemblies yet brazed by induction-heating techniques is a 
section of the Lacrosse missile being manufactured at The Martin Company’s 
Baltimore Division. During development, one problem was posed by the 
variety of metals used. First it was necessary to braze a low-carbon 


welded steel canister and nodular iron casting. Then, to complete 

the assembly, a spun copper cone and low-carbon steel ring were 

joined to the canister. An induction coil was designed by Martin 

to accomplish this critical operation. Temperatures had to be 

restricted between 1300 and 1350°F to prevent a transforma- 

tion change to the crystalline structure of the nodular iron. 

Martin’s Materials Engineering Laboratory made careful 

examinations of this assembly and found that Handy & 

Harman Easy-Flo 45 Silver Brazing Alloy and B-1 Flux 

make possible the strong, uniform joints necessary to meet 

the stringent requirements the Company has set. Its low- 

working temperature, high strength, fast penetration and 

flow characteristics are only a few of the features which make this brazing 

alloy ideal. 

More and more aircraft and missile components are being made with the aid 

of Handy & Harman silver brazing alloys and flux. The products described 

here are just two of the many available to help solve your problems...make 

your job easier and quicker. For a more complete picture of silver brazing 
and the advantages it offers you, write for your free copy of Bulletin 20. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMA 


General Offices: 82 Fulton Street, New York 38, N.Y. 
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which permit the engine to continue 
operation, at least at part load, in the 
event of a cooling fan drive failure. 

3. Elimination of cooling trouble 
through muddy water. In fact, clog- 
ging up of the cooling fins of an 
aircooled engine by sand and dirt 
affects engine performance only 
slightly. In addition, aircooled en- 
gines have a remarkable ability for 
self-cleaning due to vibration of the 
cooling fins. 

. Cooling effect independent of altitude. 
9. Insensitivity to mechanical damage 
by blows, shocks, and vibration. 

. Long periods between cooling-system 

overhauls. 


SAE Paper No. 222A, “Aircooling Versus 
Water-Cooling in Agricultural and Con- 
struction Equipment,” presented at the 
SAE National Farm, Construction and 
Industrial Machinery Meeting, Milwaukee, 
Sept., 1960, 22 pp. 


Relationship of the 

Design Engineer and Stylist 

Richard Ten Eyck, Richard Ten Eyck 

Associates 
What, how, and why the industrial 
designer does for end products. The 
main purpose of industrial design is 
to create good appearance. A good 
product deserves identity. It should 
be recognized not only by the ob- 
vious means of color and name, but 
by the basic characteristics of its 
form and individual appearance. 

SAE Paper No. 226A, “The Stylist: The 
Engineer-Stylist Relationship,” presented at 
the SAE National Farm, Construction and 


Industrial Machinery Meeting, Milwaukee, 
Sept., 1960, 4 pp. 


materials 


Mechanical Properties of 

Aluminum-Lithium Alloys 

W. R. D. Jones, Professor of Metallurgy, 

University College, Cardiff, Wales, 

Great Britain, and P. P. Das, Depart- 

ment of Metallurgy, Bengal Engineer- 

ing College, Howrah, India 
Mechanical properties of alumi- 
num-lithium alloys made from high- 
purity materials. 

The best combination of proper- 
ties in the binary system is given by 
alloys with a lithium content of 2 
to 21/, per cent after solution-treat- 
ment at 580C and aging at 130C. 
The alloys are capable of age-hard- 
ening; the strength is increased, but 
the ductility is decreased, and this 
has restricted their use. 
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A third metal (zinc, magnesium, 
tin, or copper) has been added to 
the 2 per cent lithium alloy in an 
attempt not only to increase its 
strength without sacrificing too 
much ductility, but also to increase 
the proof stress so that high ductil- 
ity values may not be of primary 
importance. 

Paper No. 2008, “The Mechanical Prop- 
erties of Aluminum-Lithium Alloys,’ The 


yan of Metals, Belgrave Square, Lon- 
on, 


Fatigue Properties of 
High-Strength Steels 


H. E. Frankel, metallurgist, Thermal 
Metallurgy Section, National Bureau of 
Standards; J]. A. Bennett, chief, Me- 
chanical Metallurgy Section, National 

Bureau of Standards; and C. M. Car- 

man, metallurgist, Thermal Metallurgy 
Branch, Pitman-Dunn Laboratories, 
Frankford Arsenal 
Rotating-beam fatigue properties of 
18 high-strength low-alloy steels. 

Except for the high-silcon steels, 
the maximum fatigue strength was 
generally obtained for the lowest 
tempering temperature. The steels 
containing 1.3 per cent copper had 
higher maximum fatigue strengths 
than any of the other materials. It 
is suggested that the generally su- 
perior fatigue properties of the cop- 
per-bearing materials may be due 
to the precipitation of copper under 
the influence of the fluctuating 
stress. 

ASTM Preprint No. 65, “Fatigue Proper- 
ties of Some High-Strength Steels,” pre- 
sented at Sixty-Third Annual Meeting of 
the Society, June-July, 1960, 8 pp. 


TO-OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
i8, N. Y., papers 50 cents to members, 
one dollar to nonmembers. 


ASTM—American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa. 


Institute of Metals, 17 Belgrave Square, 
London S.W. 1, England. 


SAE—Society of Automotive Engineers 
Inc., 485 Lexington Ave., New York 17, 
N. Y.; papers 50 cents to members, 75 
cents to nonmembers. 
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CONTROLLED 


FOR HIGHER SPEEDS 


With Rex Roller Chains you get highest 
fatigue strength for longest chain life 
..-ability to handle heavier loads and 
higher speeds because these chains 
have the PLUS VALUE—pitch control! 
Every chain part carries its full share of 
the working load...no unequal load- 
ings to cause fatigue failures. Each link 
is accurate...pitch is precisely con- 
trolled. Result: no chain fatigue! To 
find out how pitch control helps you, 
mail the coupon. 


ROLLER CHAINS 


CHAIN Belt Company 

4643 W. Greenfield Ave. 

Milwaukee 1, Wis. 

(11 Canada: CHAIN Belt (Canada) Lrd., 
1181 Sheppard Ave. East, Toronto, Ontario.) 
(C0 Send me my copy of Bulletin 5725. 

0 Have a Rex Man call. 


Company 
Address 
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For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Precision Switches 


Complete details on all basic precision 
switches and variations are given in 
Catalog 110. Types include sub-subminia- 
ture, subminiature, single, double, and 
triple-pole units. Section on definition of 
electrical and mechanical terms is in- 
cluded. Photograplis, engineering draw- 
ings, and specifications are provided for 
all switches presented. 12 pages. Con- 
trol Switch Div., Controls Co. of America, 
1420 Delmar Drive, Folcroft, Pa. 

Circle 601 on Page 19 


Electric Motor Controls 


Booklet 60 is a handy pocket-sized 
catalog of electric motor controls. It 
contains descriptions, ratings, and prices 
for manual and magnetic starters, drum 
controllers, pressure, foot, and _ limit 
switches. Included also are push-buttons 
and related pilot devices. Motor rating 
and heater coil data, plus simplified tables, 
make control selection easy. 56 pages. 
Furnas Electric Co., 1045 McKee St., 
Batavia, IIl. 

Circle 602 on Page 19 


Coaxial Connectors 


Complete technical data on Foamflex 
series of coaxial connectors are contained 
in two-color bulletin. Connectors are 
designed for use with Phelps Dodge Cop- 
per Products Foamflex cable. Also fea- 
tured are connectors designed for applica- 
tions involving Phelps Dodge’s Spirafil 
and Styroflex cables. 8 pages. Kings 
Electronics Co. Inc., 38 Marbledale Rd., 
Tuckahoe, N. Y. 

Circle 603 on Page 19 


Tantalum Capacitors 


Expanded line of tantalum-slug, wet 
electrolytic capacitors is covered in Bul- 
letin 159E. Bulletin lists as stock all MIL 
capacitance and voltage values called for 
in all three case sizes for military speci- 
fication MIL-C-3965B, for Styles CL44 
uninsulated, and CL45 insulated. Com- 
plete specifications are provided. 4 pages. 
Ohmite Mfg. Co., 3639 Howard St., 
Skokie, Il. 

Circle 604 on Page 19 


Aircraft Fasteners 


Rapid identification of more than 160 
standard aerospace fasteners, by configu- 
ration, specification number, and generic 
name, is provided in a new reference list- 
ing. Booklet consists of an 8-page directory 
of 133 NAS, AN, and MS fasteners and 
related parts, plus a 2-page insert of 34 
standard company fasteners, Fasteners are 
indexed numerically by part number in 


148 


three separate groupings, for NAS, AN, 
and MS parts respectively. Each part is 
quickly identified visually by silhouette 
renderings of basic configuration. 10 pages. 
Standard Pressed Steel Co., Box 102, Jenk- 
intown, Pa. 

Circle 605 on Page 19 


Sealless Pumps 


Bulletin 728.1 gives information on seal- 
less pumps recommended for handling 
volatile, toxic, or inflammable liquids. 
Material includes detailed specifications, 
materials of construction, performance 
curves, and dimensions. 4 pages. Goulds 
Pumps Inc., 215 Black Brook Rd., Seneca 
Falls, N. Y. 

Circle 606 on Page 19 


Back-Up Rings 
Booklet of design, dimensions, and other 
data on Parbak continuous and contoured 
back-up rings is now available. It describes 
the characteristics of back-up rings, and 
discusses the advantages of contoured and 
continuous rings. Complete dimensions 
and operating media data are also in- 
cluded. 12 pages. Parker Seal Co., 10567 
Jefferson Blvd., Culver City, Calif. 
Circle 607 on Page 19 


Hydraulic Valves 


Two data bulletins on small, spool-type, 
four-way hydraulic valves that provide 11 
flow patterns are available. Literature 
covers spring-centered, spring-offset, and 
detent models, designed for use in small, 
high-pressure circuits, where flow is 3 
gpm or less and operating pressure is 0- 
2000 psi. Flow-pressure characteristics, di- 
mensions, approved JIC symbols, and flow 
patterns are featured, Bulletins also con- 
tain weight, material, and porting specifi- 
cations. Sarastoa Precision Products Inc., 
5757 McIntosh Rd., Sarasota, Fla. 

Circle 608 on Page 19 


Rare Earth Metals 


“Space-Age Metals” describes and de- 
fines the properties of 16 high-purity, 
rare earth metals, most of which are avail- 
able and are being used in the develop- 
ment of specialized products and metals. 
Several charts are used to analyze the 
properties of the metals, 24 pages. Lunex 
Co., Pleasant Valley, Iowa. 

Circle 609 on Page 19 


Fluorosilicone Rubber 


Form 9-113 contains facts on Silastic 
LS fluorosilicone rubber, Illustrations show 
material at work as a lip seal in a radar 
scanner and as a flexible fuel-line cou- 
pling in a jet airplane. Graphs show out- 


standing performance of the material dur- 
ing oven agings and ASTM oil-exposure 
tests. Typical properties and practical ta- 
bles suggest when to design with Silastic 
LS for applications requiring solvent, fuel, 
oil and fluid, and chemical resistance. 4 
pages. Dow Corning Corp., Midland, 
Mich. 

Circle 610 on Page 19 


Electronic Products 


Catalog FR-61-E features latest develop- 
ments in plugs, jacks, adapters, connectors, 
shielded jacks, cord-mounted jacks, and 
pushbutton switches. Catalog illustrates 
each product with an actual photograph 
and a dimensional drawing, making it easy 
to determine the exact part needed, 32 
pages. Electrocraft Products Component 
Div., GC Electronics Co., Div., Textron 
Electronics Inc., 400 $. Wyman St., Rock- 
ford, Ill. 

Circle 611 on Page 19 


Delrin Acetyl Resin 


“Designing with duPont Plastics—Del- 
rin” provides four applications of Delrin 
which show imaginative engineering at its 
best. Properties of the material are used 
to advantage, and designs keep production 
costs at a minimum. 4 pages. Polychemi- 
cals Dept., E. I. duPont de Nemours & 
Co. Inc., Wilmington 98, Del. 

Circle 612 on Page 19 


Oscillating Motors 


Form 601 provides information on Roto- 
Tork pneumatic or hydraulic oscillating 
motors with instant, full torque. Cutaway 
drawing and engineering drawings are used 
to point up special features. Dimensions 
and ratings are given in tables for various 
models. Three methods of mounting are 
given, as well as information on appli- 
cations. 8 pages. Roto-Tork Mfg. Co., 
23919 Little Mack, St. Clair Shores, Mich. 

Circle 613 on Page 19 


Hydraulic Cylinders 
Bulletin 260 features improved C4H 
Series 2000-3000 psi interchangeable hy- 
draulic cylinders in bore sizes of 11% to 12 
in. Through the use of two foldouts at- 
tached to front and back cover, mounting 
accessory, rod, and porting information 
can be found at a glance when working 
with data covering any bore size or 
mounting style in the series. Each mount- 
ing style is clearly illustrated. Catalog 
also contains engineering, construction, 
mounting, and porting information. 16 
pages. Sheffer Corp., 326 W. Wyoming 

Ave., Cincinnati, Ohio. 
Circle 614 on Page 19 
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If long bearing life under adverse operating conditions is vital 
to your equipment, call your Shafer-Rex Engineer. In minutes 
he’ll pool with your experience, years of Shafer know-how in 
dealing with every bearing sealing problem—grit and dust, 
liquids, chemicals and misalignment. 

And, with the complete Shafer line available, you’ll find it 
easy to select the right Shafer Bearing with just the right seals 
for your application. Shafer Seals were designed to protect 
Shafer Self-Aligning Roller Bearings and were developed after 
years of exhaustive research in Shafer laboratories—have been 
tried and proved in the field. 


FOR MOST CONDITIONS, the Shafer “Z” Seal, the industry’s 
only all-metal, fully self-aligning seal: self-aligning for positive 
sealing despite as much as 3° total shaft deflection; all-metal 
for maximum wear life. 


TO KEEP OUT Liquips, the “M” seal, designed exclusively 
for Shafer, is a contact lip-type seal of synthetic rubber. Self- 
aligning for positive sealing up to 3° total misalignment. 


FOR HIGH SPEEDS, SEVERE VIBRATION, the “K” seal is a 
light contact seal of neoprene/felt-neoprene construction en- 
closed in a metal casing. Self-aligning for positive sealing 
despite 3° misalignment. 


TO GIVE YOUR EQUIPMENT "PLUS" SALES APPEAL, all 
Shafer Seals can be used in any style Shafer Housing, without 
housing modifications, In addition they are the only seals that 
can be easily removed for grease inspection without taking 
the bearing off the shaft. 


FOR ENGINEERING ASSISTANCE on any application prob- 
lem or for complete information on Shafer Self-Aligning Roller 
Bearings and Seals, write: CHAIN Belt Company, 4643 W. 
Greenfield Ave., Milwaukee 1, Wis. In Canada: CHAIN Belt 
(Canada) Ltd., 1181 Sheppard Ave., East, Toronto. 


SHAFER-REX "Z” SEAL 


OQ 


SHAFER REX KN SEAL SSHAFER-REX "M” SEAL 


HAFER 


SELF-ALIGNING 
ROLLER BEARINGS 
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High-Temperature Inconel 


Bulletin describes new grain-coarsened 
Inconel which has improved the resistance 
to relaxation some 25 times. It has less 
than 1 per cent relaxation at 600 F for 21 
days, against 25 per cent relaxation for 
ordinary Inconel. High-temperature life of 
new Inconel for springs is extended to 
800 F. Bulletin is illustrated with tables 
and figures to demonstrate the superior 
properties of the new material. 4 pages. 
Techalloy Co. Inc., Rahns, Pa. 

Circle 615 on Page 19 


Lubricating System 


Complete details on three types of Cir- 
culube automatic lubricating system which 
provides positive control of oil feed and 
circulation rates are described in Bulletin 
CL. It includes both photographs and 
engineering drawings to illustrate product 
data and specifications. 4 pages. Bijur 
Lubricating Corp., Rochelle Park, N. J. 

Circle 616 on Page 19 


Starters, Starter Generators 


Catalog file covering standard and cus- 
tom starters and starter generators is 
row available. File includes full line of 
75, 100, 200, and 400-amp starter gener- 
ators, as well as direct-cranking electric 
starters. Specifications, drawings, and per- 
formance curves are provided. 14 pages. 
Breeze Corporations Inc., 700 Liberty Ave., 
Union, N. J. 

Circle 617 on Page 19 


Rotary Positive Blowers 


California Series of horizontal and verti- 
cal blowers and gas pumps are described 
in Bulletin 559-H. Complete dimensional 
information on all models and sizes is 
given by means of charts and drawings. 
Bulletin also lists two pages of perform- 
ance data for low, medium, and _ high- 
pressure units. 12 pages. Sutorbilt Corp., 
2966 E. Victoria St., Compton, Calif. 

Circle 618 on Page 19 


Precision Instrument Components 
“PIC Specifications and Standards” is 
a pocket-sized booklet which outlines spec- 
ifications established on low-inertia, cus- 
tom-made, and certified military-type fine- 
pitch spur gears. Also detailed is a stand- 
ard stock specification numbering system, 
established to provide a broader selection 
of precision spur gears not ordinarily 
stocked by manufacturers. System covers 
all basic variables. 20 pages. PIC Design 
Corp., 477 Atlantic Ave., East Rockaway, 

1, af 
Circle 619 on Page 19 


Circuit Modules 


Loading Manual, Catalog 859, contains 
loading rules and load chart for Series 
T germanium transistor circuit modules. 
Load chart can be used to determine the 
maximum load each unit can drive, and 
loading rules present additional information 
concerning loading requirements and ca- 
pabilities of the units. Particular atten- 
tion is given to applications where com- 
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bination loads occur. 10 pages. Engineered 
Electronics Co., Dept. C, 1441 E. Chest- 
nut Ave., Santa Ana, Calif. 

Circle 620 on Page 19 


Synchronous Motors 


Bulletin describes four new types of 
Slo-Syn synchronous motors. Complete 
specifications for each type are given in 
tables, photographs, and engineering 
drawings. Applications for each type are 
also included. 8 pages. Superior Electric 
Co., 83 Laurel St., Bristol, Conn. 

Circle 621 on Page 19 


Casters and Wheels 


Catalog 12-A provides information on 
features, applications, and complete dimen- 
sional data for a line of casters and 
wheels, Many illustrations and line draw- 
ings are included. Information is also 
given on several specialty models. 12 
pages. Payson-Harris & Reed Inc., 2916 
W. Jackson Blvd., Chicago 12, Ill. 

Circle 622 on Page 19 


Drive Assemblies 


Cyclehub and Cyclesheave electromag- 
netic clutch-hub and clutch-sheave drive 
units are pictured and described in new 
bulletin. Design features are pointed out, 
and tables are used to give all specifi- 
cations. Bulletin also provides data on 
installation and on power-supply control 
for the units. 4 pages. Cycledynamics Inc., 
19025 W. Davison, Detroit 23, Mich. 

Circle 623 on Page 19 


Socket-Head Cap Screws 


Latest information on 1960 Series sock- 
et-head cap screws is detailed in a color- 
ful brochure. It contains complete dimen- 
sional data on both 1960 and 1936 Series. 
Separate thread-length charts are also pro- 
vided with the brochure. 10 pages. Stand- 
ard Screw Co., 2701 Washington Blvd., 
Bellwood, Iil. 

Circle 624 on Page 19 


High-Conductivity Coppers 
Four free-cutting, high-conductivity 
coppers are described in a new booklet. 
Tables give information on chemical com- 
position, forms available, fabrication prop- 
erties, physical properties, and typical 
mechanical properties. Information on 
machining is also included, as well as 
on cutting speed. Formulas for unlisted 
cutting speeds are provided. 8 pages. 
American Brass Co., Waterbury 20, Conn. 
Circle 625 on Page 19 


Spring Devices 
Bulletin 310f describes stock reels, 
Neg’ator motors, clamps, and reels for 
use in experimental design or as product 
components. It is fully illustrated with 
photographs, line drawings, and tables of 
characteristics and prices. 2 pages. Hunter 
Spring Co., Div., American Machine & 
Metals Inc., 1 Spring Ave., Lansdale, Pa. 
Circle 626 on Page 19 


Limit Switches 
Illustrated Bulletin EC-SLS-60 describes 


snap-lock limit switch, featuring shock- 
resistant, self-cleaning, sliding contacts de- 


signed to withstand a 2000-lb shock test. 
Covered in detail are interchangeable 
cams, operating levers, specifications, and 
instructions for reversing direction of op- 
eration dy finger-tip action. 4 pages. Elec- 
tric Controls Div., National Acme Co., 
170 E, 13lst St., Cleveland, Ohio. 

Circle 627 on Page 19 


Sintered Nylon Parts 


Bulletin BR-1111 provides information 
on Nylasint parts, nylon wear components 
formed by cold pressing and _ sintering 
nylon powders. It lists formulations avail- 
able, including microporous Nylasint, 
which absorbs and holds from 15 to 50 
per cent oil by weight. Application stories 
on the use of the parts for bearings, 
rollers, cams, and general wear parts are 
a 4 pages. Halex Corp., Reading, 

a. 

Circle 628 on Page 19 


Electrical Motors 


Literature describing Everseal silicone- 
rubber protection against adverse environ- 
ments for windings of form-wound motors, 
150 hp and up, is Bulletin F 2022, It 
provides details about how the new ma- 
terials and application processes protect 
windings, and includes information on 
accelerated extreme environmental tests 
and engineering data. 2 pages. U. S. Elec- 
trical Motors Inc., P. O. Box 2058 Termi- 
nal Annex, Los Angeles 54, Calif. 

Circle 629 on Page 19 


Centrifugal Clutches 


Bulletin FM291B describes and pictures 
three standard automatic centrifugal clutch 
types most commonly used. List of equip- 
ment using these clutches is provided, as 
well as a table of gasoline engines and 
electric motors to which they can be 
applied. Torque-speed curves are also 
given. 4 pages. Magneto Div., Fairbanks, 
Morse & Co., Beloit, Wis. 

Circle 630 on Page 19 


Gears, Speed Reducers 


Fully illustrated gear and speéd-reducer 
catalog contains complete information on 
sizes, ratings, and specifications of a com- 
plete line of gears and speed reducers. 
Also contained are easy-to-understand en- 
gineering data on the proper selection of 
gears and reducers to meet specific job 
requirements. Catalog is indexed to per- 
mit fast, convenient location of specific 
products and is spiral bound to lay flat. 
Size, 4 x 6 in., makes it especially con- 
venient to handle. 246 pages. Write on 
company letterhead to Ohio Gear Co., 
1333 E. 179th St., Cleveland 10, Ohio. 


Laminated Plastics 

The 1961 edition of “Formica De- 
signer’s Fact Book” contains property and 
application data covering 70 standard, 
special, and molding grades of high- 
pressure thermosetting laminating plas- 
tics. Military specifications, a grade com- 
parator chart, and tolerance and weight 
specifications are examples of data in- 
cluded. Booklet is fully illustrated. 115 
pages. Write on company letterhead to 
Formica Corp., 4550 Spring Grove Ave., 
Cincinnati, Ohio. 
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Greater contrast, greater clarity with Ozafax and Ozalid materials for drafting room or office 


New Ozafax semi-dry papers and developers 
now bring Ozalid quality to every Diazo Copy Machine 





From Ozalid—the nation’s leader in dry diazo materials for more than a 
quarter of a century—comes Ozafax, the newest line of top quality semi- 
dry copy materials. Regardless of the make machine you own, you can 
now look to Ozalid as a new source of supply for all your diazo copying 
needs, and look to Ozafax for... 


Better Contrast! A new, advanced diazo coating formulation fastens a 
sharp black image against a clean white background. On the shelf or 
after processing, the bright white appearance of Ozafax papers lasts. 
Broader Line of Colors! Ozafax papers are available in 6 appealing colors 
for more flexible coding. No wider variety of tinted stocks anywhere. 
From every angle—speed, quality or simplified ordering and inventory 


—Ozafax improves your reproduction operation. Call your local Ozalid 
representative or mail coupon today, 


Cozaraxy materials from D> 


A Division of General Aniline & Film Corp. 


SEND TODAY FOR FURTHER INFORMATION 


Ozalid, Dept. S-9, Johnson City, N. Y. 
Check one: 


Please send information explaining the 
naw Ozafax semi-dry diazo materials. 
Please have representative call. 


Name_ 
| 


Phone_ 





PO sn cscinsiccenipinicieiiitiitian 


City 


—————————————----] 
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New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Music Spring Wire 
has very high 


corrosion resistance 


Heavy-galvanized music wire with 
10 to 15 times more corrosion re- 
sistance than standard tinned music 
wire eliminates the need of post plat- 
ing and the accompanying risks of 
acid embrittlement and_tangling. 
Wire coiled into  close-pitched 
springs is uniformly protected all 
around its circumference. Coil ends 


are protected because cutoff carries 
zinc over the ends. Zinc coating is 
three to seven per cent by weight. 
Wire is made to standard music- 
wire specifications. Sizes range from 
0.012 to 0.060-in. diam. Dept. RDT, 
National-Standard Co., Niles, Mich. 

Circle 631 on Page 19 


Quick-Release Bolt 


for tension applications 


New fastener combines the threaded 
advantages of a bolt with the fea- 
tures of a quick-disconnect fastener. 
Available for tension applications, 
it replaces conventional bolts that 
are turned into tapped holes or nut 
plates, wherever speedy assembly 
or disassembly is necessary. Bolts 
are engaged or disengaged by re- 
leasing or depressing a button that 
operates a spring-loaded mandrel. 
Mandrel maintains a positive, 
locked-in contact between threads of 
tapped hole, or nut threads, with 
threads on quick-release bolt. Unit 
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is furnished in alloy or stainless 
steel, in 5/16, 34, and 1/, in. sizes. 
Avdel Inc., 210 S. Victory Blvd., 
Burbank, Calif. 

Circle 632 on Page 19 


One-Part Adhesive 
for high-speed use 


Meta-Bond 331 is a one-part, 100- 
per cent solids, thixotropic, free- 
flowing epoxy adhesive which cures 
at moderate temperature. Designed 
primarily for high-speed production 
use, it requires no mixing or meter- 
ing and maintains a 6-month (mini- 
mum) shelf life at room tempera- 
ture. Adhesive bonds metals, glass, 
ceramic, and most plastics. It is sta- 
ble at room temperature and cures 
in 150 min at 250 F or 15 min at 
350 F. Material resists most acids, 
alkalies, and solvents. It can be 
used safely at operating tempera- 
tures of —70 to +175C. Mereco 
Products Division, Metachem Res- 
ins Corp., 530 Wellington Ave., 
Cranston 10, R. I. 

Circle 633 on Page 19 


Torque-Control Unit 


for antishock steering or 
rotary positioning torque controls 


Smith-Nobak torque-control device 


prevents driven member torques 
from overcoming driving member 
torques. Used for antishock steering 
or rotary positioning torque controls, 
unit is a straddle-mounted, plain- 
bearing torque device. Input torque 
in any direction immediately per- 
mits free rotation of drive shaft. 
Continuous safety-locking action 
against opposing torque is provided 
by a patented, wedge-shaped lock 
bar. Spring-loaded bar always re- 
mains wedged against an outer lock- 
ring unless pressure is directly ap- 
plied to the input shaft. Load ca- 
pacities are available from 50 to 
26,000 Ib-in. Lash on input and 
output shafts ranges from 2 to 4 
deg. Ann Arbor Bearing and Mfg. 
Co., 815 Wildt St., Ann Arbor, 


Mich. 
Circle 634 on Page 19 


Miniature Relief Valve 


has flow rate of 
0.5 to 6.0 gpm 


Inverted-design, miniature relief 
valve eliminates overtravel, chatter, 
and slamming while maintaining de- 


sired system pressure. Very light 
weight (as low as 0.35 Ib) and 
miniaturized, valve offers a wide 
variety of port sizes, male and fe- 
male, straight flare or bulkhead. It 
exceeds requirements of MIL-V-5523 
with zero leakage internally. Pres- 
sure range is 100 to 4000 psi with 
wide adjustment. Flow rate is 0.5 
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Synthane makes and fabricates 
laminated plastics 


Why “do-it-yourself” fabrication seldom pays 


This is a “long length” saw, especially 
built to cut sheets of Synthane lam- 
inated plastics of over 25 feet in length. 

It is extremely improbable that 
you would ever have sufficient work 
to make the purchase of such a 
machine profitable. Yet the long 
length saw is only one of hundreds 
of unusual machines necessary for 


fast, accurate, economical fabrication 
of laminates. 

Without the advantage of special 
machines and tools, and faced with 
the possibility of errors, waste, delays, 
mistakes in tolerances or dimensions 
—at your expense—you may come to 
the same conclusion as have nearly 
all of our customers—buy your lam- 


You furnish the print-—we’'ll furnish the part 
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inated plastics from us and have us 
fabricate them for you. Call any of 
our representatives—located in all 
principal cities—for a quotation or 
write to Synthane Corporation, 5 
River Road, Oaks, Pa. 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Moided-laminated « Molded-macerated 
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ROUNDNESS 
CONCENTRICITY 
COAXIALITY 

TO .000001” 


recorded on 
inkless polar 
chart— with... 


TALYROND 


This electronic master instru- 
ment measures and records 
roundness, concentricity, co- 
axiality and squareness on all 
units of circular cross section up 
to 12” ID or OD; height 10”. 
As test piece remains in fixed 
position, the rotating spindle is 
unaffected by size, balance or 
shape of work—the spindle is 
guaranteed to .000001”* and 
magnifications to 20,000X* are 
recorded on the polar graph. 


*Optional 


Special stylus types, increased 
vertical capacity, table for 
centering and squaring up. 


-ENGIS 
EQUIPMENT COMPANY 


DIVISION OF ENGINEERING ANDO 
SCIENTIFIC INSTRUMENTATION 


431 SOUTH DEARBORN STREET 


: ‘CHICAGO 6, ILL. 
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to 6 gpm, and temperature range 
is —65 to +250F. Benbow Mfg. 
Corp., 11920 Jefferson Blvd., Culver 
City, Calif. 

Circle 635 on Page 19 


Holding Clip 


accommodates square 
and rectangular components 


| Improved holding clip, suitable for 
| many types of square and rectangu- 


lar components, insures positive 


| holding power through design that 
| permits both sides to work inde- 


pendently from each other. It ac- 


| commodates components up to | in. 


or 1 x 2 in. rectangular. 
Use of beryllium copper provides 
excellent heat dissipation, long life, 


| and reliability, with high resistance 
| to fatigue. Components can be re- 


moved easily and replaced, despite 


| strong spring tension, Holder is de- 


signed for mounting relays, capaci- 
tors, vibrators, transformers, con- 
densers, and similar small compo- 
Finishes include cadmium 
(golden yellow), cadmium clear, sil- 
ver Dalcoat A, nickel, electro-tin, 
tin dip, and black matte. Atlee 
Corp., 47 Prospect St., 
Mass. 


Trimmer Potentiometers 


are miniature units 
of single-turn type 


Two miniature single-turn trimming 
potentiometers, 1/, in. in diam, fea- 


ture rugged construction and light | 


weight for trimming, control, and 


servo applications where space con- | 
Model 140 | 
long, | 
| weighing 0.1 oz, with a standard | 
resistance range from 50 to 10,000 | 
| ohms. Model 150 bushing mount | 
| is 0.6 in. long, weighing 0.15 oz, | 


siderations are critical. 
bushing mount is 0.3 in, 


with a standard resistance range 





Woburn, | 
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FOR 

MORE 

COOLANT PUMP 
ECONOMY * 


FEET 


te) 5 oo &§ 20 2% 0 35 
GALLONS PER MINUTE - Lg 4 COOL ANT 
HEAD AND GPM MEASURED AT DISCHARGE 


*Performance Chart 


Gusher 


Sealess-Type 


Gusher flange mounted 
coolant pumps feature a 
simple design with no 
seals, no packing or prim- 
ing necessary. They are 
designed to mount on the 
side of the reservoirs with 
either external or internal 
discharge. 


Model 5-P 


. Seal Type 


Rumaco pumps are seal 
type, centrifugal pumps 
that can be mounted in 
any convenient place. Pre- 
cision built, Rumaco 
pumps give efficient, trou- 
ble-free operation. Seals 
are the best obtainable. 


Model 5-S 


WRITE FOR FURTHER 
INFORMATION TODAY 


MACHINERY CO. 


* COOLANT PUMPS 
© CIRCULATORS © AGITATORS 
© MOLTEN METAL PUMPS 
1811 Reading Road 
Cincinnati, Ohio 
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Can You Use BETTER 
Gray Iron Castings? 


Eaton’s Continuing Research and Development Programs 
Assure You the BEST—Engineered to Your Individual Needs 


Weel. 
PERMANENT MOLDING 


Because of the denser, non-porous, homogeneous struc- 
ture, Eaton Permanent Mold Castings meet critical 
quality requirements. The finer dispersion of graphite 
provides a better material where free machinability and 
accuracy are essential in critical machining operations. 
Eaton annealed gray iron castings are available in sizes 
from one tenth of a pound to fifty pounds. 


7 Wee), 
SHELL CORING 


The Eaton process of Shell Coring in permanent mold 
and shell molded castings provides better internal surface 
finish and higher dimensional accuracy. Where more 
than ordinary quality and control of contour are re- 
quired, the Eaton process offers distinct design advan- 
tages and greater uniformity in intricately cored sections. 


EATON 
SHELL MOLDING 


Eaton Shell Molding provides more closely controlled 

metallurgy and hardness for applications requiring 

pearlitic structures, close dimensional control, and com- 

plex designs and contours. Eaton Shell Mold Castings = 
require less machining and finishing, with resulting sav- Sead for 


ings in material, tooling, and shipping. lllustrated Descriptive Literat 
scriptive erature 


FOUNDRY DIVISION 
MANUFACTURING COMPANY 
VASSAR, MICHIGAN 
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New Molded Profile 


Courtesy Scott Aviation Corp, 


Reveals Techniques 
for Better Rubber Specs 


In the early stage of planning 
and design, it was questionable 
whether this face mask could be 
molded in rubber—in one piece 
—practically, yet economically 
... and here’s why. 

It calls for an ingeniously 
designed and machined mold to 
provide for facial contours, air 
inlets and outlets, undercuts, 
feathered edges, valve mounts, 
fastenings, etc.—one of the 
hardest-to-fill cavities ever en- 
countered. Also, the rubber must 
be compounded to flow freely 
inside this complicated form 
and still maintain its knitting 
qualities. How was this ac- 
complished? 

While the mask was still in 
the design stage the customer 
realized the importance of con- 
sulting a rubber specialist. From 
this conference came an exchange 


of suggestions which led to a 
practical and functional design 
that permits molding these masks 
with unusual speed and economy. 
Here’s the idea. 

While a job is still on the draw- 
ing board consult with rubber 
specialists. Suggestions can often 
be made to eliminate high tool- 
ing costs or high priced com- 
pounds. End results give you 
better rubber parts, better per- 
formance and lowest cost. Re- 
gardless of how simple or com- 
plex your rubber needs may be 
call Continental—specialists 
since 1903. 

Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 


copy or refer to it in Sweet’s Catalog 
for Product Designers. 


Cbroihs uhiwennt n PUOBBER 
onginenel 6g CONTINENTAL 


CONTINENTAL RUBBER WORKS + 1984 LIBERTY ST 


* ERIE 6 » PENNSYLVANIA 
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peter enya 


from 20,000 to 70,000 ohms. Both 
models are also available in servo 
ball-bearing mounting. Bushing- 
mount units have a standard lin- 
earity tolerance of +1.0 per cent 
with +0.5 per cent available on 
special order. Operating tempera- 
ture range is —55 to +150 C. Units 
withstand 50 g shock and 30 g vi- 
bration to 2000 cps. Spectrol Elec- 
tronics Corp., 1704 S. Del Mar Ave., 
San Gabriel, Calif. 

Circle 637 on Page 19 


Bearing Unit 


in 54 through 
l-in. shaft sizes 


Light-duty, economical, take-up 
bearing unit, available either with 
or without frames incorporates in- 
expensive stamped bearings which 
are prelubricated at assembly to give 
long service life. Laminated neo- 
prene felt seals are used in the bear- 


ings, sealing grease in and dirt and 
foreign matter out. Bearings are 
available in shaft sizes from % 
through 1 in. Roberts Mfg. Inc., 
Salina, Kans. 

Circle 638 on Page 19 


Pressure-Sensitive Foam 


is fire retardant 


Pressure-sensitive polyurethane foan 
tape combines fire-retardant foam 
with fire-retardant, pressure-sensi- 
tive adhesive. Material has all the 
usual advantages of polyurethane, 
and has the additional advantage of 
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REEVES Vari-Speed Motodrive 


packed with new flexibility ... broader production use 


Now available in this compact design, Reeves 
Vari-Speed Motodrives deliver 2:1 through 
10:1 speed variation, 1.8 through 4660 rpm 
...% to 20 hp. 

The infinitely variable output speeds meet 
almost every production need. 

You can get these drives with output shaft 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


@ee2ese2e2e@ 


RELIANC 


DEPT. 289A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


on same or opposite side of the motor; ver- 
tical, 45°, horizontal or trunnion models; no 
reducer, and single, double or triple stage 
reductions . . . hundreds of space saving 
assemblies. Reeves provides a full range of 
modifications, accessories, and manual, 
remote or automatic controls. G-1639 


ELECTRIC AND | 
ENGINEERING CO, 





Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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See how FLUOROSINT* parts 
can outperform regular TFE Fluorocarbons 





Thermal Exponsion (in /in /F*x 10" 


Coetticent 














Temperature (°F) 


LINEAR COEFFICIENT OF THERMAL EXPANSION VS TEMPERATURE 


(1) in dimensional stability FLUOROSINT’s 
coefficient of thermal expansion is as low as 
aluminum. 





Tests run on special thrust Deormg testing device. 
_.. Moting surfoce hordened stee! Rockwell C-65 _ J 
Surfoces unlubricoted 
Surfoce speed 85-400 tpm , ood 10- 200 psi 
| 


F iuorosint 


2 








‘ * c 
Pv « (1000) 


BEARING CHARACTERISTICS (WEAR MILS / HR VS PV) 
(2) in bearing characteristics FLUOROSINT 


operates at higher loads and speeds, shows far 
more wear life. 





we Stress (PSi) X 1000 


moress 





etormation (Per Cent of Orginal Thickness 
IMPRESSIVE STRESS VERSUS DEFORMATION AT VARIOUS 
TEMPERATURES 
(3) in resistance to cold flow and creep FLU- 
OROSINT parts are more rigid, resist defor- 
mation at high temperatures. 








HALEX CORPORATION, Reading, Penna. 
A subsidiary of THE POLYMER CORPORATION 


Circle 491 on Page 19 


Typical FLUOROSINT moldings 
used in mechanical, electrical or 
chemical equipment. 


New FLUOROSINT TFE 
FLUOROCARBON base 


composition, composed of | 


TFE fluorocarbon and 
other specially developed 
constituents, has been for- 
mulated to improve TFE 
fluorocarbon’s mechanical 
and thermal properties. 


For complete technical 
data on FLUOROSINT’s 
unique properties, write 
today for new illustrated 
Bulletin BR-9. 


FLUOROSINT stock 
shapes are also available. 


*Trademark of 
The Polymer Corporation 


POLYPENCO" 
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being self-extinguishing when the 
primary source of flame is removed. 
Tapes are for use wherever effective, 
fire-retardant cushioning and gas- 
keting against vapor, dust, and light 
are needed. Richards, Parents & 
Murray Inc., 312 7th Ave., New 
York 1, N. Y. 

Circle 639 on Page 19 


Brakes and Clutches 


fractional-horsepower units 
offer high torque 


New line of fractional-horsepower 
electric brakes and clutches provides 
higher torque per unit size than 
other comparable units, and costs 
less. Brakes and clutches are pro- 
duced in two sizes: 0.875 in. diam 


with 2 lb-in. torque, and 1.725 in. 
diam, with 10 lb-in, torque. Brakes 
and clutches are supplied as 28 or 
90 v standard. Haydon Div., Gen- 
eral Time Corp., 245 Elm St., Tor- 
rington, Conn. 

Circle 640 on Page 19 


Adapter Rings 
for V-type packings 


Sealsaver hard _ top-and-bottom 
adapter rings for Pyramid and 
other V-type packings combine the 
strength of a phenolic laminate 
with the flexibility of rubber. Rings 
“breathe” in adjustment to pressure 
variations and equipment motion, 
and close the piston or rod clearance 
to prevent exirusion of V-rings. Full 
support and a positive seal are main- 
tained at all times. Rings are 
formed from endlessly folded fabric 
which resists fractures from any di- 
rection and leaves no raw edges ex- 
posed to the pressure medium. They 
are recommended for use in hy- 
draulic or pneumatic service wher- 
ever hard adapters are commonly 
required, such as in pressures above 
2000 psi, where clearances are 
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“Hey, Herman... Snap-Tite valved 
couplings come in big sizes too! 


There’s a size and type to handle almost anything that flows 


Snap-Tite can provide the right size valved coupling for most any use .. . with 
quick off-on action wherever coupling or shut-off is required. 


: TO USE SNAP-TITE “H” series valved couplings for high pressure applications. High resistance to 
; heavy line surge. Sizes from 14” through 6”. Larger sizes on special order. 


: YVALVED COUPLING: 


“IH” series valved couplings for greater impact in air lines. 14” through 14”. 


“E” series valved couplings for vacuum and very low pressure. Recommended 
for gravity flow. Sizes from 14” to 6”. Larger sizes on special order. 
“T” series valved couplings for hard to handle fluids. The only valved quick- 
disconnect couplings now on the market for fluid temperatures from —40°F 
to +400°F. Sizes from 14” through 3”, 
Snap-Tite valved couplings are available with two-way or one-way automatic line 
shut-off. They are normally furnished in alloy steel. Also available in brass, 
aluminum, or stainless steel with a variety of finishes. 


ye 


Write for Snap-Tite Catalog No. 58 
for more information on Snap-Tite 
valved couplings. 
UNION CITY 11, PA. 
159 


ST-S9-02 
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Ball retainers of antifriction 


RULON A*- 


add extra life and extra use 
to antifriction bearings 


A well-known bearing manufacturer, after testing niany metallic and non- 
metallic materials for use as ball retainers, standardized on Rulon A to insure 
> ee 


far greater service life for their bearings. Dixon’s “superTeflon” contributes 
many performance advantages in this application: 


® Because of its low coefficient of friction, adaptability of Rulon A, the manufac- 


the Dixon-supplied retainers help keep 
frictional heat to a minimum, guaran- 
tee low starting torque, and smooth 
vibration-free performance. 


_ @ Due to its engineered reinforcing, Rulon 


A provides high resistance to wear and 
deformation under load . . . assuring 
precise spacing of balls. 


turer now can offer bearings for the 
widest variety of service conditions. 
Rulon A retains its mechanical proper- 
ties over —450°F to +550°F temp. 
range . . . has practically universal 
chemical inertness, 

The Rulon A retainers serve a dual 
role, having the ability to run com- 


pletely dry—or to greatly extend per- 


© Because of high thermal and chemical formance with the use of lubricants. 


As in the development of these efficient ball retainers, Dixon’s research and 
engineering groups are ready to assist design engineers in the successful and 
profitable application of Rulon to their products. Knowledge of standard or 
special reinforcing additives plus a broad experience in the manufacture of 
molded, extruded, or machined parts make Dixon the ideal source for sleeve 
bearings, bushings, thrust bearings, wear strips, cam followers, relay push- 
ers, torque control bushings, and many other mechanical and electrical 
components. *One of Dixon’s many modifications of Du Pont TFE Teflon 


Write for Engineering Data Sheets 


on RULON 
DIXON Corporation, Bristol, R. |. 


—Dixo 





Suppliers of basic shapes and fab- 
ricated parts in Rulon and Teflon 


Shafts run smoother 
and longer on RULON 
T-LINER BEARINGS 


Dixon’s T-Liner Sleeve Bearing . . . with 
antifriction “floating” Rulon insert 
(modified TFE Teflon*) .. . is designed 
for applications that require high wear 
resistance with no lubrication. Available 
from stock in 10 standard sizes for 1%” 
to 14%,” shafts. Bulletin 32-T gives full 
details on coefficient of friction (low!), 
chemical inertness (high!), and price 
(low!). Write Dixon Corporation, 
Bristol, Rhode Island. = spy pony TM 


<Dixon 
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larger than recommended and where 

there is high radial loading. Greene, 

Tweed & Co., North Wales, Pa. 
Circle 641 on Page 19 


Quick-Disconnect Couplings 


are protected 
against corrosion 


Electroless nickel plating on quick- 
disconnect couplings provides vir- 
tually the same protection against 
corrosion as previously afforded only 
by stainless steel, but at a consider- 
ably lower cost, Plating is free of 
voids; conformity to the surface is 
excellent, so that there is no ob- 
servable void between coating and 
base material. Under normal con- 
ditions, abrasion resistance is very 
good, and plating process produces 
no effect on tensile strength or duc- 


tility of steel in couplings. Coating 


adhesion is excellent, with reported 
values of 30,000 to 60,000 psi. Snap- 
Tite Inc., 201 Titusville Rd., Union 
City, Pa. 

Circle 642 on Page 19 


Stepping Motor 


operates on 
magnetic reversals 


Series 9ADOO Cyclonome is a bi- 
directional stepping, impulse, or po- 
sitioning servomotor in which each 
input pulse or current reversal 
causes 18 deg of shaft rotation 
within +14 deg. Because operation 
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DESIGN TIPS...on automatic lubrication 


PROBLEM: 


or compressed air 


SOLUTION: 


Lubricate machine tool automatically without using electricity 


Harness reciprocating or rotary motion for positive displace- 


ment lubrication with Lincoln’s ratchet Multi-Luber* 


EXAMPLE: 


LUBRICANT 
SIGHT RESERVOIR 


FEED LINES TO BEARINGS 


You can harness reciprocating or rotary motion on 
your light machine tools to provide power for auto- 
matic lubrication with Lincoln’s new ratchet-operated 
Multi-Luber. As little as .52” straight-line motion will 
drive the worm gear that cycles lubricant through the 
Multi-Luber outlet ports to bearings. 

Three operating ratios of worm gear reduction 
(100:1, 50:1, and 25:1) are available to satisfy require- 
ments for any application. With standard setting, the 
Multi-Luber discharges 0.0025 ounces of lubricant from 
each port every time it cycles. Output of the first 
four ports can be doubled. 

The ratchet Multi-Luber can overcome 2000 psi 
back pressure while operating. It handles light grease 
as well as oil and delivers an accurately-measured, 
predetermined amount of lubricant to individual bear- 
ings. One ratchet Multi-Luber will feed from seven to 
12 lubrication points. For more than 12 points, you 
can use additional Multi-Luber units. 

Simple to hook up, the ratchet Multi-Luber is the 
most versatile lubrication device available. For instance, 
two ratchet Multi-Luber units could be mounted on a 
15-bearing machine—one to dispense grease and the 


CONNECT TO 
RECIPROCATING 
MOTION 


Your machine shop can provide 
a simple linkage for converting 
rotary to reciprocating motion. 


BOLT TO MACHINE 


other oil. Install it in any position convenient for link- 
ing the drive arm to a consistently moving part. 


NOTE TO MANUFACTURERS: 
Lincoln assists manufacturers in adapting automatic lubri- 
cation to either new or in-plant machines. For OEM pro- 
duction, contact Lincoln’s Original Equipment Sales Divi- 
sion. For in-plant applications, contact the Industrial 
Sales Division. 

*Trade Mark wn oenetell 


LINCOLN ENGINEERING CO. Original Equipment Sales Division | 
5736 Natural Bridge St. Louis 20, Mo. 


Oo pore send me operating data sheets on the ratchet Multi- 
suber. 


(0 Please send Catalog 50 (Multi-Luber), 
0 Please send Catalog 81 (Industrial Power Lubrication Systems) - 


00 Have your representative call to advise me regarding adaptation 
of the Multi-Luber to my machine. 


NAME. sintpiipmee Brad. Se 


COMPANY— 





ADDRESS_____ 





ENGINEERING COMPANY 


ST. LOUIS 20, MO. * 


DIVISION OF THE McNEIL MACHINE & ENGINEERING CO. 
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Here itis ...the NEW 


246 pages on gears 
and speed reducers 





The new OHIO catalog—246 
pages packed with useful engi- 
neering data, sizes, ratings and 
specifications on one of indus- 
try’s most complete line of gears 
and speed reducers. 

. « « new convenient size... 
clearly indexed . . . spiral 
bound to lay flat .. . fully 
illustrated . . . complete and 
unabridged. 


WRITE FOR YOUR COPY TODAY! 
Please use your company 
letterhead and specify 
your title or occupation. 


Speed Reducers 

e Reducer Classifications 

e Engineering Data 

e Installation & 
Maintenance 


e Selection Chart 
e Reducers by type and'size 


Gears 

® Stock Gear Lists 
e Rules for figuring 
e Tooth Data 

e Ratings 


Sprockets 


e Engineering Data& Tables 


OHIO GEAR CO. 


1307 East 179th Street ¢ Cleveland 10, Ohio 
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is magnetic, without ratchets, me- 


| chanical stops, or pawls, speeds up 


to 400 steps per second can be 
achieved with extreme quietness for 
many millions of revolutions. Typi- 
cal applications include positioning 
servomotor (digital positioner), digi- 
tal-to-analog converter, or high- 
torque, instant-start, synchronous 
motor. It can also be used to drive 
high-speed, add-subtract counters 
and tape and film positioners. Maxi- 
mum torque is 1.15 oz-in., and driv- 
ing power is 1/3 to 40 w, depend- 
ing on speed and load. Sigma In- 
struments Inc., 195 Pearl St., South 
Braintree 85, Mass. 

Circle 643 on Page 19 


Self-locking Insert 


has replaceable sleeve 


a= ' 
4 - 
& 
3z 
$ 
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Thread replacement without drill- 
ing can now be accomplished with 
Keensert self-locking _ replaceable- 
sleeve insert. Unit can be screwed 


by hand into tapped holes prepared 


| with standard drills and taps. It is 


externally threaded right to the top 
to provide maximum pull-out re- 
sistance. Replaceable sleeve is ex- 
ternally threaded for assembly into 
the shell and internally threaded 
for bolt attachment. Sleeve is locked 
against rotation within the shell by 
a key which will not come loose of 
its own volition but can easily be 
removed for sleeve replacement. In- 
ternal thread sizes are No. 10, 14 
in., and 5/16 in. Newton Insert Co., 
6500 Avalon Blvd., Los Angeles 3, 
Calif. 

Circle 644 on Page 19 


Miniature Switches 


have positive 
toggle action 


Miniature single-pole, double-throw 
switches are specifically designed for 
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ON HARDENING 
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BRINELL HARDNESS 


AS AS 200 400 600 800 10001200 
CAST QUENCHED 
DRAWING TEMPERATURE °F 


Type AQ Meehanite castings, hardened in 
air, experience considerably less loss in hard- 
ness when subjected to elevated temperatures 
than ferrous castings hardened by conven- 
tional means, 


NEW AQ MEEHANITE ... keeps distortion to a minimum 


it maintains its high hardness even when heated. For this 
reason, AQ Meehanite castings can be expected to provide good 
wear resistance where conventional flame hardened parts may 
soften under repeated temperature influence. See chart above. 


AQ Meehanite® is a tough, wear and abrasion resisting ma- 
terial which can be cast to a machinable hardness and air 
hardened after machining to high Brinell values with little or 
no distortion, even in massive castings. An outstanding advan- 
tage of this new metal is its ability to be locally hardened for 
improved wear resistance. As no water quenching is required, 
internal stress is reduced and dimensional tolerances can be 
held closely. This is particularly important for such parts as 
dies, punches, cams, rollers, etc. 


Type AQ Meehanite is ideally suited for hot forming dies and 
other parts required to work at elevated temperatures because 


MEEHANITE 


simply . . . eco- 


Large castings can be fu Vy hardened ... pceeee 
a and withou 


nomically . . . without oil bath equipment... 
dangerous distortions. 

Free literature is available on AQ Meehanite. Write to the 
Meehanite Metal Corporation or contact the nearest Meehanite 
foundry. 

You'll like doing business with a Meehanite foundry. 


METAL 





The American Laundry Machinery Co., 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works, St. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N. J. 

Casting Service Corp., LaPorte, Indiana 
and Bridgman, Michigan 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 


The Cooper-Bessemer Corp., 


Mt. Vernon, Ohio and Grove City, Pa. 


Crawford & Doherty Foundry Co., 
Portland, Ore. 


Dayton Casting Co., Dayton, Ohio 


MEEHANITE METAL CORPORATION, 


Empire Foundry Co., Tulsa, Okla. 
Florence Pipe Foundry & Machine Co., 
Florence, N. J. 
Fulton Foundry & Machines Co., Inc., 
Cleveland, Ohio 
General Foundry & Mfg., Flint, Mich. 
Georgia Iron Works, Augusta, Ga. 
Greenlee Foundries, Inc., Chicago, Ill. 
Hamilton Foundry Inc., Hamilton, Ohio 
Johnstone Foundries, inc., Grove City, Pa. 
Kanawha Manufacturing Co., 
Charleston, W. Va. 
Kennedy Van Saun Mfg. & Eng. Corp., 
Danville, Pa. 
Lincoln Foundry Corp., Los Angeles, Calif. 
Oil City Iron Works, Corsicana, Texas 


NEW 


ROCHELLE, 


Palmyra Foundry Co., Inc., Palmyra, N. J. 
The Henry Perkins Co., Bridgewater, Mass. 
Pohiman Foundry Co., Inc., Buffalo, N. Y. 
Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 
Ross-Meehan Foundries, Chattanooga, Tenn. 
Sonith Foundries of FMC, Indianapolis, Ind. 
Standard Foundry Co., Worcester, Mass. 
The Stearns-Roger Mfg. Co., Denver, Colo. 
Vulean Foundry Co., Oakland, Calif. 
Washington Iron Works, Seattle, Wash. 
Dorr-Oliver-Long, Ltd., Orillia, Ontario 
Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 
Otis Elevator Co., Ltd., Hamilton, Ontario 


NEW YORK 








put B¢Zi.512@ in your designs 


HEINZE 
UNIVERSAL 
MOTORS 


Photo courtesy K. J. Miller Corp., 
Brookfield, til. 


TO POWER SMALL 
PAINT COMPRESSORS 


.. Or marine pumps... or gum 
tape machines . . . or automobile 
antennas... or meat slicers... or 
any application demanding a qual- 
ity sub-fractional horsepower 
motor that can take it. 

In addition, Heinze Universal 
Motors are compact to fit limited 
space, have high starting and 
running torque, are versatile to 
allow all types of mounting 
arrangements and modifications, 
are uniform in quality, are keyed 
to high production, and are 
competitively priced. 

Standard voltage rating is 115V 
AC/DC but motors are supplied 
for other voltages. 


Send coupon for catalog. 
ELECTRIC COMPANY 
685 Lawrence Street 


c Lowell, Massachusetts 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 





Heinze Electric Company 

685 Lawrence Street, Dept. D 

Lowell, Massachusetts 

Please send bene y | on Heinze Sub-Fractional Horse- 
power Motors and Blowers. 


Name and Title 
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insertion into a miniaturized cir- 
cuit. Positive toggle action and use 
of special stripline techniques pro- 
vide low-loss, wide-frequency band 
properties. Dimensions are 1.300 x 





| 0.600 x 0.650 in., and weight is 1.25 
oz. Contact rating is 1 amp at 150 | 


v resistive. Characteristic impedance 
is 50 ohms, and minimum operating 


Inc., 220 Pasadena Ave., 


Pasadena, Calif. 
Circle 645 on Page 19 


Tube Fitting 


for corrosion resistance 


service. All three parts of the fit- 
ting are machined from Type-316 
stainless-steel barstock or forgings, 
making the fitting compatible with 
any fluid for which Type 316 stain- 
less-steel tubing is used. Fitting can 
be used also with Nylon and other 
plastic tubing. Size range of the 


fitting is 2 through 16, for tubing 
of 14 through | in. OD. Parker 
Fittings & Hose Div., Parker-Hanni- 
fin Corp., 17325 Euclid Ave., Cleve- 
land 12, Ohio. 

Circle 646 on Page 19 


Time-Delay Relay 


has fixed or 
adjustable delay 





| Plug-in, electronic time-delay relay | 
| is suitable for many automatic and | 


life is 50,000 operations. Microdot | 
South | 





Ridg-lok tube fitting is a nonflare | 
unit designed for corrosion-resistant | 
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ON THE SURFACE... 











YOU CAN'T BEAT 
VULCAN STRIP 
HEATERS 


The surface we mean is any flat 
surface to which Vulcan Strip 
Heaters can be clamped — dies, 
platens, molds, etc. Vulcan Strip 
Heaters are also excellent as air 
heating sources for ovens, air 
ducts, dryers, etc. And these ver- 
satile heating elements can be 
formed into circles (one or two- 
piece) in radius of 5” or more. 


Standard one-piece seamless 
sheaths are made in steel for 
sheath temperatures to 750°F; 
Chromalloy to 1200°F. Lengths 
are from 8” to 4214” (special, 
shorter or longer). Wattage rat- 
ings are from 150 to 1500 (or 
higher). 


Write for catalog and prices. 





VULCAN 














VULCAN ELECTRIC COMPANY, Danvers, ae 
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Other than using magnaflux-quality steel, we make circular forgings for highly critical 
missiles exactly the way we make every Bethlehem circular forging. Same manufactur- 
ing processes. Same quality control. The success of Bethlehem circular forgings in 
missile inlet cones, forward heads, and adapters is just one proof of quality. If you’d like 
the whole story, get in touch with our nearest sales office. Or write to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, Bethlehem, Pa. Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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NEEDED: EFFECTIVE 
VIBRATION ISOLATION 
AT TEMPERATURE 
EXTREMES 


Vibration-sensitive equipment in high performance mis- 
siles and aircraft often poses a two-pronged problem to 
design engineers: effective isolation against destructive 
shock and vibration—at temperature extremes. 


ANSWER: MB'S NEW 
BROAD TEMPERATURE 
METAL’ 

ISO-DAMP MOUNT 


MB’s new broad temperature Iso-Damp mount consists 
of two load carrying springs, mounted in opposed position, 
with built-in damper assembly to restrict resonant build- 
up. It requires no external cooling, can be used at temper- 
atures from —100°F. to +500°F. 


WHAT'S YOUR 
MOUNT PROBLEM? 


These new mounts can be adapted easily to the isolation 
of other special equipment as well. Or, perhaps one of 
MB’s many other mount designs may be the answer to 
your particular vibration control problem. MB has not 
only the mounts, but also the experience and personnel 
to find the right answer for you. Write us for complete 
information—ask for Bulletin 418-4. 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1056 State Street, New Haven 11, Conn. 
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semiautomatic applications. Any 
number of timers can be connected 
for programming, and power can 
be connected continuously. Timer is 
available in single-pole and double- 
pole, double-throw models. Time de- 
lays can be fixed or adjustable, and 
remote time adjustment is also avail- 
able. Unit uses cold-cathode tubes 
and requires no warm-up. Size is 


| 2x 2% x 3% in, high. G. C. Wil- 


son & Co., P. O. Box 5525, Hunt- 


ington, W. Va. 
Circle 647 on Page 19 


Adjustable Hub Clamps 


for use in high-speed 
precision motors 


Dynamically balanced hub clamps 
meet exacting design requirements. 
Designed to insure maximum per- 
formance of high-speed precision 
motors, synchros, resolvers, and in- 
strument shafts, clamps are avail- 
able from stock in 1%, 3/16, and 
\/,-in, shaft sizes. Conforming to 


ea" 


MIL specifications, clamps are heat- 
treated 416 stainless steel. PIC De- 
sign Corp., 477 Atlantic Ave., East 
Rockaway, L. I., N. Y. 

Circle 648 on Page 19 


DC Motors 


are series or 
shunt-wound units 


Two models of series or shunt- 
wound de motors, frame 29, are 
built in totally enclosed, nonventi- 
lated, die-cast aluminum housings. 
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TODAY AND TOMORROW 


whatever may be your problems 





BUNTING 


BEARINGS Supply Who, Amsulord 


...Cast Bronze Alloys...Powdered Sintered Metals...Bearing Aluminum Alloys 


Why pay more for a bearing or part than you have to? Let Bunting help you get 
your requirements down on the lowest cost level compatible with 

adequate performance. 

Today and tomorrow “the best” bearing means one that will do the job at the 
lowest possible cost. Let Bunting help you find the best bearing. 

Bunting offers a highly competent designing, engineering and 

manufacturing facility operating in the field of bearings and special parts. 

All modern proven materials are available, others are under study. Two plants 
with advanced equipment—of our own design—assure absolute 

production control and lowest manufacturing cost. 

Let us re-examine your current bearing applications, or work with you on new 
requirements. Send in your prints for study and pricing. 

No cost nor obligation. 


we 





The great and diverse cost advantages of powder metal x} Bunting exclusive methods and equipment reduced to the 
lurgy are revealed in the highly complex nature of this minimum the cost of this c onze spindle bearing 
bearing support plate for power tools made in Bunting's with its extremely rigid specific 


Powdered Sintered Metals Plant m f 
yi 4 This connecting rod demands a fine profilometer reading 


An Aluminum Alloy helped cut the cost of this high speed on the finish of the bores in the two holes, axes of which 
turbo super charger bearing with its intricate machining must be parallel to each other within extremely close limits 
of many dimensians and close tolerances Bunting makes such high precision work feasible cost-wise 


MACHINING SERVICE: Emergency service machine shops in Bunting Branches are there to render 
immediate low cost service on bearings or parts needed for experiment or maintenance. Your local 


Bunting Distributor can arrange for such service. 


No. 158—GENERAL 
No. 46—TECHNOLOGY ; @: No. 1... ENGINEERING CATALOG—Complete 
* q OF BUNTING BEARING el HANDBOOK OF POWDER listings of Cast Bronze 
Write for : ALUMINUM—A technical METALLURGY—A and Sintered Bronze 
treatise on the nae . : comprehensive technical Stock Bearings and Barg 
composition and machining 1 oom treatment of engineering and Buntin aring 
these: of Bearing Aluminum t ‘ and manufacturing of Aluminum bars available 
’ Bar Stock. ‘ sintered metals, bearings from stocks of local 
- ; and parts. distributors all over 
America. 


THE B U N TI N G Brass and Bronze Company : Toledo1, Ohio- Phone EVergreen 2-3451 


BFARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF CAST BRONZE, SINTERED METALS OR ALUMINUM ALLOYS 


eeeeeeevevea8 
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TIMERS 





Atcotrol Transistor Timers ex- 
cel for short interval highly 
repetitive timing cycles. Con- 
servatively rated at 3 million 
operations. Six timing ranges 
1.5 seconds to 150 seconds. 
Rated 15 amps @ 115 VAC, 16 
amps @ 230 VAC, 4 amps @ 
115 VDC. Series 308 


Atcotro!l “Duo-Set” Timers con- 
trol two independently adjusted 
load circuits for on-off cycling. 
Set desired delay between de- 
energizing of forward and ener- 
gizing of reverse. End interrupt- 
ing timer motor, straining of 
mechanism. Series 306 


Atcotrol Impulse Counters pro- 


vide perfect counting accuracy |. 


at 500 a minute rate over 1-120 
count range. Requires 50 milli- 
second minimum pulse dui 


tion. Automatic reset time is 


IF IT’S A TIMING PROBLEM, 
SEE ATC. Wide product selec- 
tion includes cam timers, auto- 
matic reset timers, revolution 
counters, electronic timers, im- 
pulse counters, transistor tim- 
ers, many others. 

Special timers and counters de- 
signed to your requirements. 








Send for your free Condensed 
Catalog ‘“‘Automation Components 
and Control Systems”—today! 


NEW PARTS AND MATERIALS 





They are available for 6, 12, or 24-v 
operation, Ball-bearing construction 
is used throughout, Typical ratings 
are 1/40 hp at 3000 rpm, 1/25 hp 
at 5000 rpm, 1/13 hp at 4150 rpm, 
and '/4, hp (air over) at 6400 rpm. 
Motors can be used on _ blowers, 
fans, and hydraulic pumps. Univer- 
sal Motor Div., Robbins & Myers 
Inc., Springfield, Ohio. 

Circle 649 on Page 19 


Adhesive System 


bonds rubber to metal 


Adhesive system for bonding rub- 
ber to metal, designated PA-820, is 
based on a polyurethane formula- 
tion and cures at room temperature 
to form a tough, flexible bond. No 
heat or pressure is required, Parts 
to be joined are simply coated with 
adhesive, air-dried for a few min- 
utes, then pressed firmly together. 
Immediate grip of adhesive is suf- 
ficient under normal conditions to 
allow further assembly without any 
delay. Material continues to cure 
for several days, achieving an ulti- 
mate tensile strength that may ex- 
ceed that of the rubber itself. It is 
supplied as a two-component formu- 
lation that is mixed before each use. 
Plastic Associates, 2900 S. Coast 
Blvd., Laguna Beach, Calif. 

Circle 650 on Page 19 


Split Packing Gland 


for temperatures 
to 1850 F 


Stainless-steel split packing gland is 
available for use with bulb ther- 
mometers and similar applications 
requiring a pressure seal on the 


AUTOMATIC TIMING 


& CONTROLS, INC. 
ISA Show KING OF PRUSSIA, PENNSYLVANIA 


A Subsidiary of American Manufacturing Company, Inc. 


Visit Booth No. 519 


ATC, Div. of Interprovincial Safety Industries, Ltd.,. 5485 Notre Dame St., West, Montreal 30, Quebec 
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SAVED 2200 EACH 
|) ON STAINLESS RINGS 


Flash butt-welding an extruded section 
resulted in a 65% material reduction 


By specifying an extrusion that allowed only a thin envelope of material around the finished 
cross-section, Amweld engineers saved 37 Ibs. of 321 stainless—and eliminated considerable 
machining time. Amweld flash butt-welding know-how produced a ring that more than satisfied 
the critical strength requirements for this jet engine shroud. 

Amweld is equipped to supply flash butt-welded rings and circular products in stainless, 
titanium, aluminum, as well as a wide variety of corrosion-resistant alloys. If you would like to 
know more about Amweld’s welding, fabricating and machining facilities, phone or write. 


GET THE FACTS ABOUT 


7 AMWELD 
INDUSTRIAL PRODUCTS fash bets eclded tines and er 
cular prod manufactured by 
Amweid. nae entitled, 





“How Flash Butt-Welded Rings 
are Made.” 


THE AMERIGAN WELDING «ze mre. co. - 130 Dietz ROAD - WARREN, OHIO 
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Can These 


FELT 


BY FELTERS 


IDEA 


Help You? 


FELT GREATLY REDUCES 
GLAZING COSTS 


over conventional brushing. Fine 
china manufacturer uses special 
Felters DuFelt Polishing Belt to 
reduce glazing cos*s. Feit coarse- 
ness and density can be varied 
for most effective polishing of 
metal, glass and ceramics. Can 
also be coated with abrasives. 


FELT ADHESIVE 
TAPES AND PADS 


are the most inexpensive material 
for sealing, padding and cushion- 
ing. Felt strips seal out dust, dirt, 
wind, fumes, moisture, and elimi- 
nate squeaks and rattles. 


FELT AS A LOW COST 
FRICTION MATERIAL 


Used as a braking or friction 
device, sometimes combined as a 
seal or washer. High coefficient of 
friction and extra density provide 
foolproof clutching and tension 
action at low cost, like the Lever 
Puller shown at left. 


. 


Pt Lhd 
Lge 


. ee ee oe ee ee ee ee ee eee 


To get the most out of Felt, send 

for the Felters Design Book — a com- 

plete digest on properties and appli- 
+ cations. Write, today. 


— Ask for FELT from... 


the FELTER Sc. 


271 SOUTH STREET 


BOSTON 11, MASSACHUSETTS 


Pioneer Producers of Felt and Synthetic Non-Woven Fabrics feo15 © 
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smaller diameter capillary tube after 
the larger diameter bulb passes 
through the gland body. Split seat 
and follower form compression ele- 
ments for sealant inside gland body. 
Probes are not damaged because of 
soft sealant, and immersion can be 
adjusted as required. Temperature 


| range is —300 to +1850 F and 
| pressures are up to 7500 psi. Conax 
_ Corp., 2300 Walden Ave., Buffalo 
| 25, N. Y. 


Circle 651 on Page 19 


| Needle Valves 


| 





in 316 stainless steel 


Series 1936 needle valves in 316 
stainless steel give precision thrott- 
ling and tight shut-off at any pres- 
sure through 6000 psi. Valves are 
applicable at any temperature from 
—100 to +500 F. Series is avail- 
able in globe and angle patterns 
and in panel-mounted types. Sizes 


| are lf, 4, 944, Yo, %, and 1 in. The 


316 stainless-steel valves are identi- 


| fied by a blue handle. March In- 
| strument Co., Div., Colorado Oil 
| & Gas Corp., Skokie, III. 
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| Pushbutton Timer 


has automatic shutoff 
and reset 


Model 309 Atcotrol pushbutton 


| timer, available for either ac or dc 


operation, provides automatic shut- 
off and reset. Outstanding fea- 
tures include: 0.0025 sec. repeat 
accuracy; metal-to-neoprene  im- 
pingement clutch; one SPDT snap- 
action load contact in series with 
the motor, plus option of additional 
SPDT snap-action independent load 


MAcHINE DesiGNn 





there are always 
200d reasons for 
designing 1t 1n 


in O-Cedar Mops 
it’s the 
Self-Hinge 


Polypropylene is tough...so tough 
that self-hinges, like the one shown in 
the stop-action photograph at the left, 
are perfectly practical. Polypropylene’s 
low cost and manufacturing economies 
have enabled O-Cedar to enter a new 
price area with this durable, quality 
mop. Retail price is only $1.98. 


Polypropylene makes better products at 
lower cost. No other material has this 
combination of properties: 


1, Heat Resistance 

2. Chemical Resistance 
3. Toughness 

4. Economy 


AviSun’s technical specialists will be 
glad to work with you on your 
specific applications. Write for Book- 
let AP-601 giving complete technical 
information. 


NATIONAL SALES REPRESENTATIVES 
A. SCHULMAN, INC. 
AKRON 9, Ohio 
790 Talimadge Ave, 
HEmliock 4-4124 
BOSTON 16, Mass. 
: 736 Statier Bidg. 
Liberty 2-2717 
r ; CHICAGO 45, Ill. 
= 2947-51 W. Touhy Ave. AVI UN 
New O-Cedar mop is molded in one piece. Self-hinge has been ROgers Park 1-5615 
EAST ST. LOUIS, III. 
aet-n¢-10 Me dalaelllolammiileld- me darelamel® > . eltlolale adelhdeldelelal-tal= P. O. Box 310 
eR Poise. ctl oc ad “ 0,000 cycles Tou s : 14th & Converse Sts. 
iS 5 f vt ie ; UPton 5-2800 
s the only material you Can use Tor Cosit-saving designs > LOS ANGELES 5, Cal. 385 Post Road 
Rm. 730, Texaco Bidg. Marcus Hook, Pa. 
hie Sustom molded b'\ Prec s n Pp. stics Columbia City. Ind 3350 Wilshire Bivd. Phone: 
Gusto om i . : DUnkirk 5-3018 HUbbard 5-583! 
NEW YORK 22, N.Y. 
460 Park Ave. 
MUrray Hill 68-4774 *a trademark of AviSun Corp. 
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“THIS GEAR WILL GIVE 
MY DRIVE HIGHER SPEED 
PLUS LONGER LIFE...” 


Utilizing the modern facilities in our newly equipped plant, higher speed and longer 
life are just two of the advantages that you will get with Philadelphia’s revolutionary 


precision grinding technique. 


initial cost than conventional gearing. 


HIGHER SPEEDS 


Dynamic load factors are materially 
reduced. Your equipment can operate 
at higher speeds with increased load 
carrying capacity. 


LONGER LIFE 


Extreme accuracy of profiles, profile 
spacing and surface finish eliminates 
“running-in"’ periods and resulting 
wear. 


Very often these advantages are available at no more 


REDUCED NOISE AND VIBRATION 


Reduced tooth to tooth errors, accu- 

mulated pitch errors, and total com- 

posite errors give smoother contact 
. reduce noise ond vibration. 





REDUCED BACKLASH 


Precision ground gearing means re- 
duced backlash for reversing drives 
. . « plus uniform backlash where pre- 
cision of movement is important. 





100% INTERCHANGEABILITY 

Duplicate units or spares can be in- 
stalled with original manufacturing 
tolerances duplicated exactly. 





FOR MORE INFORMATION 


. investigate this mod- 
ern technique. Send for 
our new bulletin, AN AD- 
VANCED CONCEPT 
IN MODERN GEARS. 


PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 


phillie gear’ 
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contact. For maxinium application 
flexibility, timer can be mounted 
in three ways. Control is available 
in 16 standard dial ranges from 6 
sec to 60 hr. Automatic Timing 
& Controls Inc., King of Prussia, 
Pa. 

Circle 653 on Page 19 


Industrial Casters 


for medium-duty use 


Series 16 casters are versatile, eco- 
nomical, medium-duty units that re- 
tain features found in heavy-duty 
models. Both top plate and yoke 
base are cold-forged from !/,-in. steel 
plate to provide a strong, smoothly 
operating structure. Heat treated, 
work - hardened raceways insure 
long-wearing qualities. Casters are 
available from stock in 31/4, 4, 5, 6, 


and 8-in. wheel sizes, eight indi- 
vidual wheel types, in both rigid 
and swivel models, Albion Indus- 
tries Inc., Albion, Mich. 

Circle 654 on Page 19 


Rotary Switch 
handles high 


current loads 


Small, lightweight, high-speed, Size- 
8 rotary switch is for use in either 
high-performance aircraft or mis- 
sile applications. It is used to se- 
quence or switch circuitry as a func- 
tion of time or of shaft position. 
Used in conjunction with sensitive 
relays or solid-state switching tech- 
niques, unit handles high current 
loads. Switch resists severe tempera- 
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How DPS elevating feeders 
elevate, orient, feed your parts 
to cut production costs 


New elevating feeders from Detroit Power 
Screwdriver Company— 

e Eliminate hand feeding 

@ Permit high-speed feeding and orienting 

® Discharge parts at height to suit your 

requirements 

e Offer adequate holding capacity 

The output of hand-fed production machin- 
ery soars with DPS elevating feeders. Parts of 
almost any size, shape and material can be fed 
quickly, gently, in a continuous flow to other 
machinery for processing and assembly. 

Three standard sizes available: 6, 12 and 20 NEW BULLETIN 
cu. ft. holding capacities. Larger or smaller . . . has complete information 
units can be fabricated to meet special on new DPS elevating feeders. 
requirements. Mail the coupon today! 


DETROIT POWER SCREWDRIVER COMPANY 
2801 W. Fort St., Detroit 16, Michigan 


Send new Elevating Feeder Folder 2812. 


NAME 





eG. 





ADDRESS 





A Subsidiary of 
Link-Belt Company 





Circle 507 on Page 19 





WAPAK 

HARDENED WAYS 
LAST LIFETIME OF 
YOUR MACHINES 


Engineered from solid tool steel, WAPAK Hardened 

Ways are uniformly hard through and through ... 

No galling, scoring or other failure throughout life- 

time of your machines . . . even under rugged service. 

Carburized or laid steel ways also available in some 

sizes. 

ACCURATE FINISH 

Utmost care is given to accuracy of finish on all 

WAPAK Hardened Ways. Micro grinding is fol- 

lowed by individual inspection of each piece with 
. Profilometer, 

ENGINEERED TO SPECIFICATIONS 

WAPAK Ways are manufactured to your blue print 

specifications and normal deliveries maintained. 

Your machines are more reliable with WAPAK 

Hardened Ways. 
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ture, shock and vibration condi- 
tions. Maximum speed is 700 rpm. 
Torque is 0.05 oz-in. at room tem- 
perature and 0.10 oz-in. at tem- 
peratures from —65 to +260 F. 
Weight of the unit is only 1 oz. 
Kearfott Div., General Precision 
Inc., 1150 McBride Ave., Little 
Falls, N. J. 
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Gasketing, Packing Sheet 


for use at temperatures 
from —425 to +500 F 


Fluorocarbon Accopac gasketing and 
packing materials made of fluoro- 
carbon resins and inorganic fibers 
can be used at temperatures from 
—425 to +500F with excellent 
torque retention. They are com- 
pletely unaffected by any of the 
common fuels, lubricants, hydraulic 
fluids, or solvents common to many 
industrial processes. Materials are 
inert to most chemicals over a wide 
range of temperatures and have a 
low coefficient of friction which 
makes them useful as seals and 
packings in contact with moving 
parts. They have good dielectric 


Quality control inspec- properties and excellent thermal di- 
mensional stability. Sheets can be 
bonded adhesively to other materials 
with either thermoplastic or thermo- 
setting adhesives. They have out- 
standing resistance to deformation 
under load and resistance to cold 
flow or creep. Armstrong Cork Co., 


Lancaster, Pa. 


tor uses Profilometer to 
check accuracy of finish 
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Synchronous Motor 


provides safe operation 
in hazardous areas 


we WAPAKONETA, saciune co. 
Seateia Enginsered for the Job Sine 1891 


WAPAKONETA 9, OHIO 
Also manufacturers of SLITTER KNIVES ® SHEAR BLADES © ROTARY SHEAR KN SCRAP areas. Motor case withstands inter- 


Explosionproof Type X250 Slo-Syn 
synchronous motor is used to pro- 
vide safe operation in hazardous 


nal gas and vapor explosions and 
prevents the ignition of surrounding 


CHOPPERS © HARDENED SPACERS © GIBS *g ROCKER PLATES © WEARING PLAT 
“RACES © WEAR STRIPS © MACHINE LINERS © MACHINE KNIVES f 
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Complete reprints of major articles now available from [ DESI e: nN 


USE THIS FORM TO ORDER YOUR COPIES TODAY! 


Number Price P Number Price Per 
Copies Conv Copies Copy 


—____ELECTRIC MOTORS d _____ TRANSACTIONS OF THE FIRST CONFERENCE 


____ELECTRONIC AND ELECTRIC POWER of 
SUPPLIES 00 TRANSACTIONS OF THE SECOND CONFER- 
ENCE ON MECHANISMS 


sca SACTIONS OF THE THIRD CONFERENCE 
—___HUMAN-FACTORS ENGINEERING : ON MECHANISMS 


—__—DIRECTORY OF MATERIALS—18th Edition ‘ ____TRANSACTIONS OF THE FOURTH CONFER- 


shin PRODUCTION CHARACTERISTICS OF ENCE ON MECHANISMS 
ENGINEERING METALS 00 ____TRANSACTIONS OF THE FIFTH CONFERENCE , 


_____DESIGN MANUAL ON ADHESIVES ON MECHANISMS 
____NONMETALLIC GASKETS _____ MECHANISMS FOR INTERMITTENT MOTION . 1.00 


___ADJUSTABLE SPEED DRIVES —_—POLYDYNE CAM DESIGN 


(Electrical, Mechanical, Hydraulic) Se EVALUATING ENGINEERS 
____ADJUSTABLE-SPEED ELECTRIC-MOTOR DRIVES 1.00 _ ENGINEERING MANAGEMENT 
____—SPEED REDUCERS AND GEARMOTORS ___._MEN AND MACHINES 


—___INTERNAL COMBUSTION ENGINES . ____DESIGNING WITH TEFLON 
—___DESIGN FOR FATIGUE LOADING J __._.DYNAMIC SEALS AND PACKINGS 
—___WHY MACHINE PARTS FAIL u _____MECHANICS OF VEHICLES 
_____1956 DATA SHEETS 
____DIMENSION CONTROL IN DESIGN * ____1957 DATA SHEETS 
____HYDRAULIC SERVO FUNDAMENTALS Vol. 1... 1.00 _ 1958 DATA SHEETS 
—__—HYDRAULIC SERVO FUNDAMENTALS Vol. II .. 1.00 TIPS AND TECHNIQUES—VOL. I (Drafting Aids) 1.00 


—___HYDRAULIC SERVO FUNDAMENTALS Vol. Il.. 1.00 TIPS AND TECHNIQUES—VOL. II (Engineering 
____QUALITY CONTROL METHODS 
____ MULTIPLE CIRCUIT SWITCHES 00 ——-PLANNING NEW PRODUCTS 


____ELECTRICAL CONNECTORS J _____DESIGN GUIDE FLEXIBLE COUPLINGS 


MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


TOTAL COPIES. ; IE ST Dicieitiininntn 


Remittance or Company Purchase Order must be enclosed with order. 


NAME. 


COMPANY_ 
(Add 3% to orders in Ohio 


to cover State Sales Tax! ADDRESS__ 


GT Caicccisscs 
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Use this designers’ check-list for 


MORGANITE 


N © CAR 8B ON 


GRAPHITES 


Performance-proven Grades to Solve 
a Wide Range of Design Problems 


CY SERIES —Piain carbon graphite. Excellent for bear- 
ings, vanes, valves and other mechanical components. 


MY SERIES -\Wetallized carbon graphite. Provides 
extra-long life in difficult applications wherein operating 
conditions are severe. 


PY SERIES —non-metallized carbon graphite. Spe- 


cially treated for use in high pressure seals. 


EY SERIES — Provides exceptionally high-reliability in 
the presence of high temperatures (to 1000° F). 


Self-lubricating Morganite possesses many different advan- 
tages capable of solving a wide range of operating problems. These de- 
pendable materials are specified for a broad list of components ranging 
from bearings in sealed mechanisms to electrical contacts operating in 
extremes of temperature. 


Call or write for literature or recommendations on specific 
applications. Morganite sales engineers will be happy to explain the 
advantages of Morganite for use on original equipment or as replacement 
parts in your maintenance projects. 


gran . FOR OVER HALF A CENTURY 


INCORPORATED 
3314 48th Ave., Long Island City 1, New York 
In Canada: Morganite Canada Ltd., ‘Toronto 


WG 


Manufacturers of Fine Carbon Se See Cee ee ical Carbons, Motor and Generator Brushes, Carbon Pi 
Current Collectors and Electrical Contacts ... Distributors of 99.7% Pure Al,0, Tubes, checibles and Crusilite Heating San 
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external gas and vapor by internal 
spark, flash, or explosion. Unit can 
be started, stopped, or reversed in- 
stantly with a single-pole, three-posi- 
tion switch. One revolution of the 
motor shaft can be converted into 
200 precise steps by applying dc 
voltage to field windings. Ratings 
are: Input, 120 v, 40/70 cycles, sin- 
gle phase, 0.6 amp maximum cur- 
rent (at 60 cycles); 72 rpm output 
speed at 60 cycles; 250 oz-in. torque. 
Motor weighs 734 Ib. Superior 
Electric Co., Dept. SS, Bristol, 
Conn. 

Circle 657 on Page 19 


Insulating Tapes 


can be wound easily 
on irregular shapes 


Self-adhering, unsupported, silicone- 
rubber insulating tapes, designated 
CDF Level-Wrap, feature triangular 
cross sections that permit them to be 
wound readily on irregular shapes. 
Each tape is as thick at its apex as 
the required total insulation thick- 
ness. When wrapped in overlap- 
ping halves, tapes give smooth, even, 
external surfaces. Colored center line 
guides the wrapping and overlap- 
ping. Tapes also feature excellent 
thermal stability, corona resistance, 
moisture resistance, high resiliency, 
and thermal conductivity. They are 
available in eight standard grades 
from | to 1!4 in. wide and from 
0.020 to 0.080 in. thick at the apex 
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ON THE | 


i 


HIGH COST OF | 
VIBRATION _ 


IN AIR MOVING 





Have you considered the fact that 


ale] dgal-1m-> couhe-halolam lam 7010] ale] dole| tle ater-1a 


SI oe pematnenancnmameneR 


fo] dole leloi-mid-t-1elar-lalel-m-|aleM-sad0lendl) a] me 
failure in the air moving components? 

- We have, and this fact is ‘‘pocketbook and 
problem insurance” for our customers 
For instance: We know that motor 
ige)e-halelarel| frequencies blade fre- 

quencies -magneti¢frequencies...are 

basic sources of excitation present 


in-every fan or blower application. 





EQUIPMENT 


3] 





THE TORRINGTON MANUFACTURING 
AIR MOVING DIVISIONS Torrington, Connecticut; Van Nuys, California; Rochester 


sdal-1amn dal-m-) ole\{- Motel atel(ol-t-m di dai dal-) 
“natural response of the unit, this means 
resonance and—plenty of trouble. 

Yam Mo] dauat=4co)a Wan -1- lola Wo] gels [¥ (es ao] Molt] a 

is designed, engineered and tested for 
Tame) oheiaallaama-lal-1-Mehmol-lalelanst Talore 

with harmful or costly resonances 
“designed out.'’ It pays to know these. 
= . performance characteristics—and to 
take. advantage of this kind of knowledge 
Check your air moving problems ‘or 


your products with Torrington. ‘ 


COMPANY 


, Indiana; Oakville, Ontario 
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EDWARDS: DEVICES and 0.007 to 0.008 in. thick at the 


edges. Tapes are available in stand- 


CAN COM M U NICATE — 12-yd we beast — 
DEPEN DABI LITY : Fibre Corp., Newark, Del. 
IN YOUR PRODUCT ane 


Compact Starter 


for low-horsepower 
applications 








NEMA Size 00 starter for low-horse- 
power jobs is rated from 34 hp 100 
v, to 2 hp 440/550 v, for three- 
phase service. Dimensions of the 
open device are only 3 13/16 x 
SCOREBOARD WARNING 5 3/16 x 3 45/64 in. Featuring 
FOR TIME OUTS easy inspection and maintenance, 
EDWARDS HORN starter has straight-through wiring, 
ACTIVATING DEVICES FOR pressure wire terminals, molded 
AUTOMATIC ELECTRIC SCOREBOARDS coil and one-piece melting alloy 
EDWARDS PUSH BUTTONS overload relays for complete motor 
AND CONTACT DEVICES protection. It is available either open 
or in a NEMA Type 1 enclosure 
with optional pushbutton or selector 
switch in the cover. It also is avail- 
able without overload relays. Square 
D Co., Dept. SA, 4041 N. Richards 
St., Milwaukee 12, Wis. 
Circle 659 on Page 19 











High-Vacuum Coupling 


operates at 
high temperatures 





CATALOG S-100 OEM 


Ultrahigh-vacuum couplings are all- 
metallic units which permit opera- 
tion at elevated temperatures. The 


Other typical functions being performed: Foul line signal for bowling alleys/Activating buttons on pari-mutuel leakproof _— arr ——- ms vail 
recorders/Annunciator indicators for motor trouble on conveyors and escalators/Oil pressure warning on diesel able in sizes for Ve throug ¥g-in. 
engine/Activating push buttons on electric scoreboards/Rear door signal for busses and trucks/Machine gun | OD tube. Cajon Machine Co., 902 
sound for toy airplane rides/Activating device for electric sprayers/Telephone buzzers/Dictating machine E. 140th St.. Cleveland 10, Ohio. 

signal/Trouble signals on (visual or audible) contro! panels/Back-up signals on taxis, trucks and busses | ; : Circle 660 on Page 19 
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TRU-LAY USAR. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- 
lems. They provide positive remote control over long 
or short distances—up to 150 feet from the control 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- TRU-LAY 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
ii , rugged duty prevails, but where 

Minimum Maximum Input operation must be smooth and 
Recommended Load in Pounds accurate. Meets all require- 
Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty e Gives smooth, 

accurate and dependable per- 

formance at low cost. Available 

30 with your choice of several types 
of knobs. 


Selective Friction ¢ Amount of 
friction can be changed to meet 
individual requirements of the 
operator or application. Friction 
constant at any setting. 


Position Lock e A slight turn of 
the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 


























Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


PUSHR\\. DATA FILE shows how 


es ” a 2 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


PUSH-PULL CONTROLS °° 


Automotive and Aircraft Division « American Chain & Cable Company, Inc. 
601-A Stephenson Bidg., Detroit 2 
6800-A East Acco Street, Los Angeles 22 * 929-A Connecticut Ave., Bridgeport 2, Conn. 
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Which of ‘these custom molding services 


can you use from STOKES 


CUSTOM MOLDING TO 
ELIMINATE 
ASSEMBLY 

OR 
REDESIGN 
INTO 
ONE-PIECE 
UNITS IN 
HARD RUBBER 
OR PLASTICS 


For castings and other parts 
which are later machined and 
assembled, we frequently can 
suggest molded combinations 
which can eliminate most or all 
of the finishing and fitting work 
in a material which will meet 
your most rigid specifications. 


When requesting further infor- 
mation, please indicate your 
major problem area other than 
assembly: 


Area #1 Chemical resistance 
Area #2. Close tolerances 
Area #3 High temperatures 
Area #4 High strengths 
Area #5 ... Other 


SSX STOKES MOLDED PRODUCTS [& 


STOKES MOLDED PRODUCTS 
1023 WEBSTER STREET 
TRENTON 4, NEW JERSEY 


[] Please send us case _historiés 
regarding Area 4... ...............-....-..--.- 


(_] Phone us to discuss our problems. 
= (] We are sending blueprints and 

specifications for a quotation and 
analysis without charge. 

NAME____ : nae 

FIRM. 

ADDRESS. i a“ 

"| | ee «| kee | Seen 

PHONE 





SEX STOKES MOLDED PRODUCTS 
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CUSTOM MOLDING IN 
PENTON 
UNPLASTICIZED PVC 
LEXAN 
KRALASTIC 
CYCOLAC 
SARAN 
TRIFLUOR- 
CHLORETHYLENE 
OR 
OVER 100 
exclusive 
HARD RUBBER 
COMPOUNDS 


Whether it’s for a specific chem- 
ically resistant part or a particu- 
lar high-strength application ... 
for a “low creep” piece or a high 
temperature requirement . . . for 
low-cost hard rubber or top-grade 
ebonite (with a tensile strength of 
6,000 Ibs. per sq. inch), we can 
recommend and mold the mate- 
rial that will solve your problem. 


4 


STOKES MOLDED PRODUCTS 
1021 WEBSTER STREET 
TRENTON 4, NEW JERSEY 


(] Send us case histories. 
[-] Phone us to discuss our require- 
ments. 


(] We are sending blueprints and 
requirements for a quotation and 
analysis without obligation. 

NAME. 

FIRM_ 

ADDRESS 











ee «| A | | eon 
PHONE_ 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Semiconductor Strain Gage 


is bondable to 
practically all surfaces 


Ultrasensitive strain detection de- 
vice, Model MS 105-350 Micro- 
Sensor, is bondable to practically 
all surfaces, and is especially ap- 
plicable to measurement of minute 
strain imposed upon small areas. 
Sensitivity of the device is 50 to 60 
times that of metallic counterparts. 
Low impedance, coupled with high 


= Sil 


output, results in high signal-to- 
noise ratio. Unit is 1 in. long and 
4 in. wide. It consists of a thin 
sileon element, 5% in. long, 0.020 
in. wide, and 0.0005 in. thick, at- 
tached to an epoxy-based carrier for 
application to test surfaces. Inte- 
gral lead tabs are provided for con- 
nection to instrumentation systems. 
Gage factor is approximately 130, 
and operating temperature range is 
-65 to +180F. Maximum op- 
erating strain is in excess of 3000 
mic in. per in. Micro-Systems Inc., 
2925 E. Foothill Blvd., Pasadena, 
Calif. 

Circle 661 on Page 19 


Portable Oscilloscope 


is all-transistorized 


Model 150, one of a new line of 
totally transistorized, portable oscil- 
loscopes, measures only 234 x 314 
x 54 in. and weighs 2 Ib. It op- 
erates on internal rechargeable bat- 
teries, ac power line, or low voltage 
de, providing a precision 1, 2, or 


Macuine Desicn 








D cot ty Soper METAL-MESH 
CONVEYOR BELT GIVES INSTANT SANITIZING 








WHERE CAN YOU IMPROVE OPERATIONS WITH THIS UNIQUE BELT? 


The new Cambridge Collapsible metal-mesh conveyor 
Belt is designed so that each component part separates 
completely when the belt is slackened, allowing bacte- 
ria producing particles, oils, greases or other foreign 
matter to be easily and quickly flushed away. Originally 
designed for the food industry, this new belt is now 
helping processors meet rigid sanitation requirements, 


improve product quality and cut maintenance and 
down time. 

Perhaps the Collapsible Belt can be used in the 
equipment you are designing—for instance, to prevent 
contamination of chemicals or man-made products, or 
any application where quick, thorough cleaning of the 








The Cambridge Collapsible Belt is 
available in any length or width in the 
Balanced Weave, woven from any 
metal or alloy, including stainless 
steel. Get the full story today. Contact 
your Cambridge Field Engineer or use 
the coupon to get complete details. 


*Patents Pending 


processing belt is desirable. 
CAMBRIDGE WIRE CLOTH CO. 


Department N, Cambridge 92, Maryland 


Please rush me information on the new 
Cambridge Collapsible Belt. 





(Application — please indicate) 


Name Title 





Company 





Address, 





City Zone____State 
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WORM GEARING 











Why the INVOLUTE HELICOID 
thread form? 


Introduction of involute helicoid worms by Delroyd marks 
the first time extensive use of this design has occurred in 
America. Therefore the question arises: “What is the in- 
volute helicoid worm and what are its advantages?” 
Basically an involute helicoid worm is the same as an 
involute helical gear. However, this similarity is not easily 
recognized because of the difference in angle of thread or 


tooth helixes in the two types. Regardless of the difference 
in helix angles, both types have an involute thread or tooth 
profile in the transverse plane, i.e., a plane perpendicular 
to the axis. 

The thread surface is made up of a series of involute 
curves lying in transverse planes. The thread flank gener- 
ating edge is a straight line tracing out a helical path (see 
illustration). Manufacturing simplicity of generating and 
checking to straight line form control provides consistent 
production of worm and generating hobs of high accuracy. 
Deviation from the straight line in checking hundreds of 
worms in one production lot can be held to within a few 
ten thousandths of an inch. 


The easy and accurate attainment of exact similarity 
between worm and hob provides complete compatibility of 
worm to gear without manufacturing process interruptions 
to modify and change hob form. Form does not change as 
hobs are sharpened. Accurate interchangeability is an 
undisputed fact. 

Only the involute helicoid worm form permits practical 
application of calculable compensating features for gear 
deflection under load. All gears have leaving side contact 
with entering side gap to form beneficial oil wedge. Kine- 
matically accurate tooth meshing avoids the acceleration 
and deceleration inevitable with other forms. 

Superior performance is the result, since this form out- 
performs all others. Size for size, the DELROYD involute 
helicoid worm form offers a higher selection safety factor 
with no premium cost. 

For further information on DELROYD worm gearing, 
write on your company letterhead for our new 84-page 
catalog, the most comprehensive in the industry. 


DFA STEAM TURBINE COMPANY 


858 NOTTINGHAM WAY, TRENTON 2, N. J. 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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3-in. display equivalent to a labora- 
tory instrument. Symmetrical ver- 
tical deflection amplifiers provide 
necessary high voltage and high fre- 
quency deflection potentials. Sweep 
is generated by a gated, constant- 
current generator with a variable- 
charging capacitor. EI Labs Div., 
Electro Instruments Inc., 1165 
Morena Blvd., San Diego 10, Calif. 
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Now...Borg-Warner 
Mechanical Seals for 
Airborne Applications 


Developed especially to meet the reliability requirements 
of airborne components, this new Borg-Warner Mechan- 
ical Seal combines compact size with lightweight metal- 
lurgy. Entirely new—yet this same basic design has 
been proved in almost every type of industrial 
and military shaft sealing job. 

Borg-Warner Mechanical Seals are 
used daily under high pressures, for 
high or ultra-low temperatures, to 
seal toxic, corrosive and volatile 
liquids, and even for radioactive 
fluids. Whatever your needs for 
sealing a rotating shaft, a B-W 


Mechanical Seal can answer it. 


Drafting Machine 


for lofting, layout, 
and big-board work 


Glideline 80, precision drafting ma- 
chine for lofting, layout, and gen- 
eral big-board drafting, is available 
in standard models for board sizes 
from 5 x 8 ft through 8 x 30 ft. De- 
sign of the unit reduces moving 
parts to a minimum, eliminating 
cumulative errors due to wear and 
tolerance. Straight-edge accuracy 
and positive Vernier indexing is as- 
sured by hardened and ground tool- 
steel critical parts. Unit offers 
finger-tip control everywhere on 
the board, in vertical or horizontal 
position without rollers riding on 
the working surface. Full length 
horizontal and vertical parallel lines 
can be drawn with one motion. 
Glideline Corp., 234B N. Franklin 
St., Waynesboro, Pa. 
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Extended Scale Indicator 


Typical operating 
conditions — rocket 
engine fuel pump 
at 7450 rpm 

and 250°F. 


Mechanical Seals 


DIVISION OF BORG-WARNER CORPORATION 
P.O. Box 2017, Terminal Annex, Los Angeles 54, California 
SEE OUR FILE IN SWEETS DESIGN CATALOG — SECTION 8e 


measures pressure, force, 
weight, displacement 


Model SI-60T extended scale indica- | 
tor features a moving-tape readout | 
for accurate, continuous measure- 

ments. Use includes the measure- | 
ment of such variables as pressure, 

force, weight, and displacement, or | 
the display of any physical param- | 
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When they 


falsisiel-1emre. motor ‘ 


ome mleller= | i 
without squeezing... 


* 


.. they came to 


Back & HEINTZ 


Rotary Juicer, Inc., Los Angeles, designed its new restaurant-size 
orange juicer to ream oranges instead of squeezing them, to avoid 
normal waste matter usually found in juice. They turned to Jack 
& Heintz for a customized motor. 


The J & H answer was a 56-frame motor with starting torque 20% 
above, and breakdown torque 45% above NEMA values. Special 
venting allows low-temperature operation and minimizes heat 
passed into the juice. So compact and well integrated was the motor 
design that over-all dimensions of the juicer were reduced 20%. 


Like Rotary Juicer, Inc., designers, design your product to do the 
job... not to fit a motor. Whatever your motor need, you set the 
electrical, physical and environmental conditions. We’ll do the rest. 
Range: % to 3 hp, up to 15 hp for submersibles. For further data, 
write: Jack & Heintz, Inc., Commercial Motor Division, P. O. 
Box 17626, Cleveland 1, Ohio. 


Rotary Juicer in operation 
Over 44 oranges per minute are 
FUehdoleal talet- tik me -iilet lemma taal lek 
foloh a Jat hee tial lem Valemell-te)lal-t le) 
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eter that can be expressed as a 
motion. Unit is designed for use 
with linear variable differential 
transformers. Instrument, a closed- 
loop servo type, drives a 50-in. tape 
scale marked from 0 to 1000 in grad- 
uations every 0.05 in. Every tenth 
division is in bold face. Five inches 
of scale are always exposed, making 
the scale easily readable from a 
distance of several feet. Scale has 
built-in fluorescent lamp. Schaevitz 
Engineering, P. O. Box 505, Cam- 
den, N. J. 

Circle 664 on Page 19 


Transducers 


are miniaturized, 
differential-transformer units 


Accurate electrical measurement of 
linear displacement, motion, size, 
strain, and similar mechanical phe- 
nomena with minimum transducer 
size and weight is achieved with 
Series 103A transducers. Based on 
the differential-transformer _ prin- 
ciple, units offer resolution to 0.5 


microinch and linear ranges to 
+0.100 in. Output is 3.0 mv per 
0.001 in. per volt of excitation. Di- 
ameter is 1/4 in., and length is 134 
in. Linearity is 0.25 per cent. Day- 
tronic Corp., 225 S. Jefferson St., 
Dayton 2, Ohio. 
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SWEEP WIDTH FACTOR 


Now, KF reduces the noise level 
of ball bearings by 50%! 


New SS ball bearings run twice as quietly as 
standard single-row deep-groove bearings — six 
times more quietly than bearings produced just two 
years ago. 


They’re designed especially for applications where 
noise is an important factor. Eight manufacturers, 
who use-tested them for over a year, now back-up 
their approvals with repeat orders. 


Spherical, Cylindrical, Ball," Tyson. Tapered and REED Miniature Bearings 


Every bearing meets new, more critical standards. 
Each type and size meets special requirements for 
reduced vibration. Every ball meets very low wavi- 
ness limits. Each cage meets critical standards for 


smooth, quiet performance. 


Sos will make a comparison check of these im- 
proved bearings against the bearings you’re now 
using. See for yourself! Just call the S&S" branch 
office nearest you. 


EVERY TYPE-EVERY USE 


okKF. 


BEF INDUSTRIES. INC.. PHILADELPHIA 32. PA. 
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FREE reprints from [fe 


Limited supplies of the following reprints of articles which 
have appeared in MACHINE DESIGN are still available at 
no cost. Circle the ones you want on the order form below 
and mail to Reader Service, MACHINE DESIGN, Penton 
Building, Cleveland 13, Ohio. 


1 PIN ‘eavapens by Leo F. Spector, December 12, 1957 (18 
pages 


CALCULATING CRITICAL SPEEDS by Helmut G. Hoeschel, 
February 4, 1960 (6 pages) 


Linearity Problems in COMPRESSION SPRINGS by Frank A. 
Votta Jr., April 4, 1957 (2 pages) 


Key Factors in SET-SCREW Selection by Francis R. Kull, 
April 30, 1959 (6 pages) 


CHOOSING THE RIGHT COLOR by Faber Birren, August 
6, 1959 (7 pages) 


6 HEAT-TREATED POWDER-IRON PARTS for improved 
strength and hardness by Navin Kothari, October 30, 1958 


(4 pages) 


How To Select The Right STAINLESS STEEL by Richard E. 
Paret, June 11, 1959 (10 pages) 


SIMPLIFIED COLUMN DESIGN by Helmut G. Hoeschel, 
April 2, 1959 (6 pages) 


An Over-all Look at PRODUCT PLANNING by Delmar W. 
Karger and Robert G. Murdick, March 31, 1960 (8 pages) 


ENGINEERING WRITING to Eliminate Gobbledygook by 
Gibson A. Cederborg, March 7, 1957 (4 pages) 


Charts and equations for a simplified approach to HELICAL 
no DESIGN by J. Hirschhorn, February 19, 1959 (5 
pages 


WHY ENGINEERS WORK by Eugene Raud Feb 
4, 1960 (12 pages) y Eugene haudsepp, rebruary 


ELECTRIC MOTOR SELECTOR by MACHINE DESIGN’s 
Staff, July 24, 1958 (10 pages) 


Send reprints without charge as circled below. 
ee ont 
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Penton Building 8 7 a OR a oe 
Cieveland 13, Ohio 


NAME 





COMPANY 





ADDRESS 





CITY ZONE STATE 
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THE ENGINEER’S 


Library 


Thermal Engineering. By Harry L. Sol- 
berg, Orville C. Cromer, and Albert R. 
Spalding; 649 pages, 61/, by 91/, in., cloth- 
bound; published by John Wiley & Sons 
Inc., 440 Fourth Ave., New York 16, N. Y.; 
available from Macuine Desicn, $9.50 
per copy postpaid. 

Emphasis is placed on the first 
law of thermodynamics and its ap- 
plications in the form of energy 
balance. The material balance is 
applied to the combustion process 
and to flow of fluids in machinery. 
One chapter discusses the principles 
of heat transfer, and explains how 
they influence the design of equip- 
ment. 

Major types of prime movers, heat 
exchangers, compressors, and sim- 
ilar equipment are described in suf- 
ficient detail to convey an under- 
standing of how they are construct- 
ed, how they operate, what their 
performance is, and what principal 
factors limit this performance. 


Advances in Vacuum Science and Tech- 
nology: Proceedings of the First Interna- 
tional Congress on Vacuum Techniques. 
Edited by E. Thomas; two volumes, 884 
pages, 834, by 1114 in., clothbound; pub- 
lished by Pergamon Press Inc., 122 East 
55th St., New York 22, N. Y.; available 
from Macuine Desicn, $30.00 per set. 

Fundamental problems in vac- 
uum techniques, ultrahigh vacuum, 
and vacuum systems applications 
are general areas covered in the 156 
papers. Some specific topics are 
the use of thermistors for low-pres- 
sure measurements, an unusual 
mercury ejector pump, adhesion of 
thin films, and factors determining 
the ultimate pressure in large high- 
vacuum systems. 


New Standards 


American Standard, ASA BI8.4—1960, 
Large Rivets. 14 pages, 8% by 11 in, 
paperbound, stapled; published by The 
American Society of Mechanical Engi- 
neers, 29 West 39th St., New York 18, 


Macuine Desicn 











lower 
material 


F 
STOCK DIAMETER —o/ 


smaller diameter shafts can be used... 
finer surface finish 


ROLLED 


as low as 3 to 6 microinches... 


higher 
fatigue 


because of decreased 
strain concentration... 


Roto-Flo processing also gives your shop in- 
creased output—up to 30 times per machine; 
ability to produce different parts on same 
machines; combining of operations on same 
machine; far lower tool cost per piece; better 
quality control; and total elimination of costly 
‘chip production’. 


you can even thread, groove or spline close to 
‘ 


shoulders 
e e+ 


— 


iestnshithoees Saetanaenoncadichcoasepmapnta’ ere 
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greater design freedom 
= * + 
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‘ ti 
. plus less backlash since original fits prevail 
over longer periods (finer finishes and reduced 
wear) 
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when you design for 
chipless machining... 


for helical splines 
straight splines + tapered splines 
positive index splines + oil grooves 
worm threads - threaded shafts 
either singly or in combination 
of greater 


torque loadings increased 50 = because 


grain density 


stronger shatts 


plus greater contact area due to close toler 


, ances and fine surface finishes, ASA accuracies 


Ask for Bulletin RF-6OMD on 
“‘Roto-Flo Chipless Machining”’... 


MICHIGAN TOOL COMPANY 


7171 E. MceNICHOLS ROAD « DETROIT 12, MICH. 
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Sixth Conference on Mechanisms 


cosponsored by Purdue University and Machine Design 


OCTOBER 10-11, 1960 ° 


PURPOSE of this continuing series of Conferences is 
to promote better understanding, design and applica- 
tion of mechanisms. All designers and engineers inter- 
ested in the design and development of mechanisms are 
cordially invited. 

ADVANCE REGISTRATION may be completed with 
the form below. The fee of $40.00 includes a banquet 
on October 10 and a luncheon on October 11, as well 


Lafayette, Indiana ° 


PURDUE UNIVERSITY 


as a copy of the Conference Transactions. 

HOUSING RESERVATIONS may be made with the 
Union Club on the Purdue campus by the form below. 
Rooms are also available at the Fowler Hotel in Lafa- 
yette (write direct), or those driving may prefer Morris- 
Bryant Motel, Cedar Crest Motel, Esquire Motel, or 
Green Acres Motor Court (all 2-4 miles north on U. S. 
52). 





MONDAY, OCTOBER 10 
9:30 a.m. 
SESSION 1—Fowler Hall—Memorial Center 
FOUR CORNERSTONES OF KINEMATIC DESIGN 
Thomas P. Goodman, kinematics engineer, General Engi- 
neering Lab., General Electric Co., Schenectady, N. Y. 
MECHANICS IS NOT A CLOSED BOOK 
C. W. Musser, research advisor, United Shoe Machinery 
Corp., Boston, Mass. 
1:30 p.m. 1:30 p.m. 
SESSION 2A SESSION 2B 
Room 214 Fowler Hall 
Memorial Center Memorial Center 
Session 2A 
AN APPLICATION OF POLYDYNE CAM DESIGN 
S. A. Okcuoglu, advisory engineer, Engineering Laboratory, 
International Business Machines, Lexington, Ky. 
FILTER THEORY APPLIED TO CAM DYNAMICS 
Theodore Weber Jr., consulting engineer, Nyack, N. Y., and 
chief engineer, Cam Engineering Div., Howard Holmes Inc., 
White Plains, N. Y. 
DESIGNING CAMS FOR ANALOG COMPUTERS 
Charles Eumurian, principal engineer, Mechanical Div., 
General Mills Inc., Minneapolis, Minn. 
Session 2B 
SERIES DESIGN OF FOUR-BAR MECHANISMS 
Edward E. Ilahn, Purdue University, Lafayette, Ind. 
LINKAGES WITH ROTATING INPUT 
AND LARGE OSCILLATING OUTPUT 
Raphael Aronson, Purdue University, Lafayette, Ind. 
SYNTHESIS OF FOUR-BAR FUNCTION GENERATORS 
f P. Vidosic, professor of mechanical engineering, and H. L. 
ohnson, research engineer, Georgia Institute of ‘Technology, 
Atlanta, Ga. 
FOUR-BAR STRAIGHT-LINE MECHANISMS 
Delbert Tesar, Department of Applied Mechanics, Kansas 
State University, Manhattan, Kans., and James C. Wolford, 
Department of Engineering M ics, University of Ne- 
braska, Lincoln, Nebr. 
6:30 p.m. 
BANQUET—Ballroom—Memorial Union Building 
Charles H. Lawshe Jr., dean of university extension services 
and professor of industrial psychology, Purdue University, 
Lafayette, Ind. 





TUESDAY, OCTOBER 11 
8:30 a.m. 
SESSION 3B 
Room 214 
Memorial Center 


8:30 a.m. 
SESSION 3A 
Fowler Hall 
Memorial Center 


Session 3A 

STATICS AND DYNAMICS IN 3-D MECHANISMS 
Rudolf A. Beyer, visiting professor, Mechanical Engineering, 
Yale University, New Haven, Conn. 

SPACE LINKAGE LAYOUTS ON A COMPUTER 

D. W. Zawada, systems research department, Ford Motor Co., 
Dearborn, Mich. 

SYNTHESIS OF PLANE MECHANISMS 

Douglas P. Adams, associate professor of mechanical engi- 
neering, Massachusetts Institute of Technology, Cambridge, 
Mass., and Alexander Samoiloff, engineer, E. B. Badger Co., 
Cambridge, Mass. 


Session 3B 

THE CARDAN POSITIONS OF A PLANE 

Ferdinand Freudenstein, associate professor and chairman, 

—— of Mechanical Engineering, Columbia University, 
ew Yor 

INVERTED SLIDER-CRANK MECHANISM 

George A. Bucci, design engineer, Servo and Mechanics Dept., 

Raytheon Co., Wayland, Mass. 

SIX-BAR LINKAGES 

A. C. Dunk, associate professor of mechanical engineering, 

Purdue University, Lafayette, Ind., and C. L. Hanson, me- 

chanical engineer, Lawrence Radiation Lab., University of 

California, Livermore, Calif. 


12:15 p.m. 

LUNCHEON—Faculty Lounge—Memorial Union 
Building 

ENGINEERING EDUCATION IN THE NETHERLANDS 

W. L. H. Schmid, dean of mechanical engineering, Tech- 

nological University of Eindhoven, Eindhoven, Netherlands 

1:45 p.m. 

SESSION 4—Fowler Hall—Memorial Center 

PROSTIIETIC MECHANISMS FOR LEG AMPUTEES 

C. W. Radcliffe, University of California, Berkeley, Calif. 

GENERAL DISCUSSION 





Mail to: MECHANISMS CONFERENCE, Comptroller's Office (University Extension Administration, 
Room 110, Memorial Center), Purdue University, Lafayette, Ind. 238.105 


ROOM RESERVATION 
Please reserve in the Union Club the accommodations checked: 
Nights: Oct. 10 1 Oct. 11 0 
Single Bed—Bath [J 


If n , will share twin-bed room with another Conference 
member 


Twin Beds—Bath (1 


Room will 


be shared by 
Please send confirmation: 





Name 








Company 





CONFERENCE REGISTRATION 


The following persons plan to attend the Mechanisms Con- 
ference, October 10 and 1i, 1960 (name and title, please): 
Fee enclosed 
0 
O 
O 


$__m_is enclosed for the registrations checked at $40 each. 
(Make checks payable to Purdue University.) 


() Fees will be paid at registration time. 











Name 








Company 
Address 








ENGINEER'S LIBRARY 


N. Y.; available from The American 
Standards Association Inc., 10 East 40th 
St., New York 16, N. Y.; $1.50 per copy. 

Dimensions and tolerances, mate- 
rial specifications, and manufac- 
tured shape of rivets in sizes from 
lf, to 134, in. in diameter are covered. 
Shapes include button head, acorn, 
flat-top countersunk head, and pan 
head. Length tolerances have been 
added in this revision of the 1950 
standard. 


Government Publications 


NASA Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


TR R-32. Tables of the Bessel-Kelvin Func- 
tions ber, bei, ker, kei, and Their Derivatives 
for the Argument Range 0(0.01) 107.50. By 
Herman H. Lowell, Lewis Research Center; 
291 pages, 8 by 10% in., paperbound; $2.25 
per copy. 

Self-checking digital and tabulating equip- 
ment was used to calculate these Bessel- 
Kelvin functions. For ber, bei, ber’, and bei’, 
the number of significant figures is either 13 
or 14 for the two absolutely larger functions, 
but is generally less for the remaining two. 
For ker, kei, ker’, and kei’, the number of 
significant figures varies from a minimum of 
9 for the absolutely largest function at argu- 
ments near 9.00 to a maximum of 14 else- 
where; 13 or 14 is achieved for all arguments 
greater than 13.15 and less than 3.72. 


TR R-44. A Phenomenological Theory for the 
Transient Creep of Metals at Elevated Tem- 
peratures. By Elbridge Z. Stowell, Langley 
Research Center; 15 pages, 7% by 10% in., 
paperbound, stapled; $0.20 per copy. 

This theory states that a metal consisting 
of two phases will exhibit transient creep after 
application of a constant stress. Transient 
creep curves resulting from application of the 
theory compared favorably with experimental 
data on four different metals. 


OTS Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 161089. A Study of 17-7 PH Stainless 
Steel. By Nesb't L. Carwile and Samuel J. 
Rosenberg, NBS; 44 pages, 8% by 10% in., 
paperbound; $1 25 per copy. 

Tests were conducted to determine the ef- 
fect of heat treatments on the mechanical 
properties and microstructures of 17-7 PH 
stainless steel. Results of hardness, impact, 
and tensile tests are tabulated and discussed. 


*B 161332. New Plastic Materials through 
Government Research. By James Kanegis, 
OTS; 98 pages, 8 by 10% in., paperbound, 
side-stapled; $2.25 per copy. 

All major plastics research conducted by 
various Federal agencies with scientific re- 
search programs are reviewed. Work of such 
agencies as National Science Foundation, Na- 
tional Bureau of Standards, and National Ad- 
visory Committee for Aeronautics is sum- 
marized. 


PB 161434. Rapid Leading of Aluminum 
Alloy Riveted Joints. By Lt. Robert T. Ault, 
WADC; 11 pages, 8% by 10% in., paperbound, 
stapled; $0.75 per copy. 

Tensile shear tests with slow and rapid 
loading were conducted at room temperature 
to determine the failing strength of multiple- 
riveted lap and butt joints. Both concentric 
and eccentric loading conditions were used. 


PB 161481. Metal Fiber Reinforced Ceramics. 
By J. J. Swica, W. R. Hoskyns, B. R. Goss, 
J. H. Connor, and J. R. Tinklepaugh; 41 
pages, 8% by 10% in., paperbound, stapled; 
$1.25 per copy. 

geometric variables involved in 
ceramic-refractory metal-fiber composites were 
evaluated using thermal shock resistance. 
Comparative properties of the two basic types 
of composites were demonstrated. Composites 
were developed with flexural strengths exceed- 
ing 30,000 psi after four thermal-shock cycles. 
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NEW HIGH TORQUES — 
SAME SMALL SIZES 


f | Sets new standards of reliability 
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TOPS 
in Hardness and 
Wear Resistance 


TUNGSTEN 


CARBIDE 
BALLS / 


ITI tungsten carbide balls offer 
the greatest obtainable resist- 
ance to wear, abrasion and 
deformation. They retain these 
advantages in many corrosive 
environments. Other outstanding 
properties include— 


EXTREME HARDNESS: 
89 to 91 Rockwell A. 


HIGH COMPRESSIVE STRENGTH: 
648,000 p.s.i. 

HIGH PRECISION: 
+.0001” size tolerance and .000,020” 
sphericity are standard. Furnished 
to +.000,010” on size and .000,010” 
sphericity if desired. 

EXTRA-SMOOTH FINISH: 


1 microinch r.m.s. 


These balls are available in ALL 
SIZES, standard and special, 
from .005” to 5”. Yo can get 
them from stock in dozens of 
sizes from 1/64” to 1”; also 1, 5 
and 10 mm. WRITE for prices 
and specifications. 


We also make precision balls of all other workable 
materials, including plastics, sapphire and special alloys 
—all sizes, standard and special—modified balls—hollow 
and plated balls—in experimental and mass-production 
quantities. BULLETIN BU-1 gives details; includes 
specs on stock balls of 8 materials. Want it? Write, 
phone or send the inquiry card. 


INDUSTRIAL TECTONICS, INC. 


manufacturers of precision balls and bearings 


BALL DIVISION | 3686 JACKSON RD., ANN ARBOR 2, MICHIGAN 
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Rotary Mechanical Seal 


Concentricity of the rotating sealing elements and 
the shaft with which they revolve is maintained by a 








Rotating | Stationary 
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Sheet-metal spool Rubber bellows 














rigid sheet-metal spool as the supporting element. An 
O-ring serves as a seal between the spool and the shaft. 
The flexible sealing elements carried by the spool can 
shift axially with respect to the spool but not radially 
even under high centrifugal forces. Patent 2,949,322 
assigned to Garlock Inc. by George F. Closs. 


Resonant Mechanical Vibrator 





Supporting 
and cushioning 
springs 


Work- producing 











Connecting spring 


Exciting mass 











Useful work from mechanical vibrators at resonant 
frequencies is achieved by machines in which the ratio 
of the work-producing mass to the exciter mass is as 
little as 5:1 (although preferably greater), the two 
masses are spring connected, and the whole system is 
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WHATS 
INIT 
rOR 
YOU! 


TWO-BEARING DESIGN maxes THESE 
EMERSON ELECTRIC MOTORS 


Ideal for Refrigeration 
fan applications 


Here’s a two-bearing motor uniquely suited for refrigeration 
fan applications. It operates in any position... with a min- 
imum of bearing load, vibration and friction. It starts easily 
at low temperatures because of EMERSON ELECTRIC’S 
self-oiling, self-aligning bearings that act as soft metal 
sponges and remove oil from the shaft journal as the motor 
cools. It lubricates without felt wick or shaft groove and 
requires less than one-third the oil needed in solid sleeve 
designs; yet, its oil storage capacity is equivalent to 60% 
more than most other refrigerator fan motors. The self-align- 
ing feature completely eliminates tight shaft problems. 
EMERSON ELECTRIC will custom-engineer motors to 
meet your specific needs. Call us today... you'll like our 
way of doing business! 


EMERSON ELECTRIC of St.Lowis + Since 1890 


DEPT M-24, 8100 FLORISSANT ¢ ST.LOUIS 36, MO.* CO 11-1800 
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ONLY 


This Pressure Switch 
Resists 7000 p.s.i. Surges 





and Stays Accurate within 2% 





Adjustable Range: 15 to 3000 P.S.I. 
Proof Pressures: 3000 and 7000 P.S.1. 


*WITH CALIBRATED DIAL 
(can be set visually 
without gauges). 
WITHOUT DIAL $16.50 
Both prices less the usual 
quantity and trade discounts. 


ADJUSTABLE 
/ PRESSURE 
SETTING 


EXTERNAL 
DIAL 
SHOWS 
SETTING 


LEAKPROOF 
SEALED 
PISTON 


SURGE 
DAMPER 





WE BUILD IN 


WE DON’T USE 





RUGGEDNESS 

CAN TAKE SURGES 
(High proof pressures) 

CONTINUOUS OPERATION 
(Millions of cycles) 

NO STICKING 
(in dirty fluid) 


LINKAGES & 
BEARINGS 


WHICH WEAR QUICKLY 
(cause settings to drift 
and switch to fail). 





LABOR & MATERIAL SAVINGS 


NO RETURN DRAIN PIPING 
(Sealed piston) 


MOUNTS WHERE CONVENIENT 
(Operates in any position, 
not sensitive to vibration) 





UNSEALED 
PISTONS 


WHICH ADD TO YOUR 
INSTALLATION COST 
(return piping). 

ARE CRITICAL TO DIRT 
(pistons get stuck). 








Send for FREE /pe-.. 
catalog 9-PS. fp = 


PRESSURE SWITCH DIVISION Ir 


arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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NOTEWORTHY PATENTS 





| cushion supported. The useful-work mass is necessarily 
_ small in comparison with the work-producing mass if 


the natural frequency of the system is to remain un- 
disturbed with or without work load. The cushioning 


_ and supporting springs are relatively weak when com- 
| pared with connecting springs. Patent 2,947,181 as- 
| signed to Chain Belt Co., Milwaukee, Wis. by Robert 
| M. Carrier Jr. and John M. Morris. 


Pump for Deleterious Fluids 
Impeller of pump for molten metals, or other delete- 


rious fluids, is submerged in the fluid being pumped 
_ at the end of a long vertical shaft. The fluid enters 


the impeller through an opening around the shaft. The 





Discharge line Impeller 


Vertical 
— 
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| arrangement subjects only the working parts of the 


pump to the corrosive attack of the fluid being pumped. 
These parts can be made of materials that resist cor- 
rosive attack. Patent 2,948,524 assigned to Metal 
Pumping Services Inc., Cleveland, by Victor D. Sweeney 
and Walter U. Kaji 


_ Continuously-Tunable Helical-and-Whip Antenna 


| A radio-frequency range is covered by a tap that 
| moves along a helix, one end of which has many turns 
| per unit of length and the other has relatively few. 
| The helix is in series with the antenna so that the 








Verticol 

















| combination acts as a quarter wavelength antenna. 


The variable pitch helix provides ease of adjustment at 
high frequencies. Patent 2,948,894 assigned to Hoffman 


| Electronics Corp. by Frank C. Carpenter Jr. 


Damped Air-Valving Device 


Air spring positioning of two members, or more, 
with respect to each other is achieved by a damped 
air valve. Angular displacement of a shaft and sus- 


| pended assembly in one direction opens a valve to ad- 
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counting 

the 
“pulse” 

I 

industry 


...through MERIAM-ILS electronic 


speed indicating systems 


MERIAM engineers are dedicated to the design and manufacture of 
speed indicating instruments. Their achievements already include out- 


Model 2060 
Explosion-proof 
Tachometer Pickup. 
U. L. Approved. 


Mode! 1313 
Remote Electronic 
Frequency Counter 


Model 1313P 
Digital Readout 
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standing accomplishments 


in the fields of automation, jet engine 


development, automobile components, conveyor control, pumps and 
electric motors. This is why we say . . . specify a Meriam matched 
system of pulse pickups, counters and digital readouts from a wide 
variety of units which have been developed to meet the needs of virtually 
all applications. Meriam instruments are constructed for heavy-duty 
industrial use and, if required are available with explosion-proof 


housings for applications in 


hazardous areas. 


THE HL FERIA ast INSTRUMENT CO. 


ILS ELECTRONIC DIVISION 
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The Meriam Instrument Co. oats 


IL S Electronic Division 
10901 Madison Avenue, Cleveland 2, Ohio 


Please send Bulletin No. 2000 
Name 

Company 

Street 

City 





UNDERWRITERS’ 
LISTED 





‘CHICAGO ACE| 
sdasabtssatnatsiostes 


Pinte eo i eta , 
ee ni Magne a Cas 


No. 4925 


No. 4905 


Here is the only line of locks listed by Underwriters’ 
Laboratories. The unique ACE Locks provide the 
maximum in mechanical security. Over 80,000 key- 
ing combinations are possible so that you may have 
your own factory-registered tumbler set-up. For 
technical details on models available for various ap- 
plications, write for Switch Lock Bulletin UB 501. 








CHICAGO LOCK CO. 


2054 N. Racine Avenue * Chicago 14, Illinois 
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mit high pressure air to an air spring. Displacement 
in the opposite direction opens another valve to exhaust, 
thereby allowing the pressure to the air spring to di- 
minish. Torsion springs resist any angular displacement 
of the shaft and provide a restoring couple toward the 
neutral position. The suspended assembly is damped 
by a throttling device so that positioning in response 
to shaft movement is delayed and gradual. Patent 2,- 
947,528 assigned to the Gabriel Co., Cleveland, by 
Robert ]. Broadwell. 


Web cutting mechanism for limp film materials uses 
a conveyor belt for supporting and intermittently ad- 
vancing the material toward a movable cutter. Spring- 
type fingers compress the material against the conveyor 
and hold it tensioned for cutting. Patent 2,948,177 as- 
signed to Miller Wrapping & Sealing Machine Co. by 
Bengt A. Arvidson. 


Low-Temperature Mechanical Seal 




















\Bellows \pry gas outlet 
Nonrotating ring of seal 
Rotating ring of seal 











Shaft seal for low-temperature liquids such as oxy- 
gen (—300F) accommodates the dimensional changes 
of the parts as a consequence of temperature differences 
and prevents malfunctioning from ice formation upon 
the exterior parts. The rotating ring of the sealing unit 
is preferably stainless steel or bronze. Its periphery and 
one side are exposed to the liquid oxygen. 

The nonrotating ring of the seal is preferably carbon, 
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Wi Strikes, Spares 


and 
we Spincraft 


4 PIN 


a better fastener? 





SPIROL PIN comes in Medium, Light and Heavy Duty... 


In a majority of applications, the Medium Duty 
SPIROL PIN satisfies all requirements, and gives 
cost savings through increased production by 
easier and faster insertion. Application in mate- 
rials too soft, brittle or thin for heavier spring pins 
is possible with Medium and Light Duty SPIROL 
PINS. 

Miniature Diameters...SPIROL PIN is the only 
spring pin available in ¥32" to 052”. And, in diam- 
eters as large as 34". 

Uniform chamfer on ends of every SPIROL PIN... 
insures ease of insertion, without hole damage 
or distortion. 








Write for free TECHNICAL DATA 
MANUAL. Free samples for specific 
applications. 


Cc. E. M. COMPANY 
31 SCHOOL STREET, DANIELSON, CONN., @ PRescott 4-8571 
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UPHOLSTERED, 
RAFTING CHAIRS 


Most of the time, Spincraft’s forty years of 
unmatched experience is spent in 
producing modern miracles for industry. 
Now, these same skills are making more 
leisure-time bowling fun for all America. 


This giant circle is an important part 


e 2 inch upholstered seat 
e Full swivel seat 
e 2-way adjustable backrest 


¢No soiled hands when 
adjusting seat 


e Three sizes: 20” to 28’— 
24” to 32”—28” to 36” 


« Gray, green, beige or brown 
finish 


Also available with round 
metal or wood seat; or 
formed plywood or solid 
hardwood saddle seat. 


FREE TRIAL 
Use an AJUSTRITE chair or 
stool for 30 days without 
on goer Prove to yourself 
many advantages 
AJUSTIUTE offers in com- 
fort, utility and economy. 
Write today—we’ll do the rest. 


10 YEAR GUARANTEE 


; 

ot 
=e ‘ a 
&: 


ak LIFT zs To S... HEIGHT 


pyre ed 


A PE 38 8 a uSTO EQUIPMENT CO. 


CHAIRS ... STOOLS Bowling Green, Ohio 
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of the almost-human pin setting machines 
made by Brunswick Balke Collender 
Company. Brunswick naturally turned 

to Spincraft, whose advanced 

metal spinning techniques produced this 
gleaming steel circle of efficiency. 
Whether it’s for bowling, brewing, baking 
or breeders, Spincraft probably helped 
make it — better! Why not consult the 
metalforming leader — today? 

Write for Spincraft’s Notes for an Engineer's File, 

a series of bulletins to keep you abreast of the latest 


metalspinning advances at Spincraft — the world’s 
largest metalspinning plant. 





4131 West State Street, Milwaukee, Wisconsin 
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AR WARE COMPANY fl 
SHEBOYGAN, WISCONSIN (gp 


the card that introduced 
Lower Cost 


Releaser-tank for pipeline milker 


drawn and heliarc welded from 18 
gauge, type 302 ‘stainless steel. 


The shapes illustrated here give 
some indication of Polar Ware's 
capacity for unusual performance 
— an ability that turns many prob- 
lem runs into routine jobs. But 
what can’t be shown — because of 
its confidential nature — are the 
cost figures that help make this 
fifty-year-old company so strong a 
resource for so many large and 
small firms everywhere. 

If you are working on new de- 
signs, or have run into trouble- 
some technical problems on what 
you are already doing, there's a 
very good chance that Polar engi- 
neers and Polar facilities can give 
you positive help — in stainless 
steel, carbon steel or aluminum. 
Please address your inquiries to 


Ingredient Con- 
tainer for Coffee 
Dispensing Ma- 
chine, drawn from 
20 gauge 302 — 
18.8 
steel. 


stainless 


Container for food dis- 
pensing use, drawn from 
20 gauge, stainless steel. 


Stock pot 
drawn from 
10 gauge 
egluminum 


Polar V Ware C Co. 


4500 Lake Shote Road — Sheboygan, Wisconsin 
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having practically a zero coefficient of expansion. Its 
housing is metal. A Belville spring accommodates the 
dimensional changes resulting from differences in the 
coefficients of expansion. The nonrotating ring is held 
axially against the rotating ring by a coil spring. A 
metal bellows admits the axial movement. Low-tem- 
perature liquid surrounds the bellows, A dry gas, as 
nitrogen, flows past the bellows on the shaft side. This 
keeps water vapor from coming in contact with the 
cold surfaces and freezing. Patent 2,949,521 assigned to 
Borg-Warner Corp., Chicago, by Herbert E. Tracy. 


Single-Operation Normally-Closed Valve 





Normally closed After opening 


Plunger 





Auxiliary 


Electrically 
4 diaphragm 


ignitable 
primer 











Expendable valve uses a thin wall or diaphragm 
as a closure. When the valve is opened, the diaphragm 
is sheared by a plunger. Simultaneously, an auxiliary 
diaphragm is ruptured under fluid pressure to insure 
an adequate hole and fluid flow through the sheared 
opening of the closure diaphragm. Patent 2,947,315 
assigned to Conax Corp., Buffalo, by Maurice W. Con- 
nell. 


AC Induction Relay 





Equal extensions 
\ 














l 


Plan (to reduced scale ) 














‘\ 
Hollow 
armature 


Magnetic 
core 














Axial vibration of the rotor in an ac induction relay 
is prevented by a hollow armature that extends beyond 
the magnetic core equally at both ends. The magnetic 
fluxes resulting from armature current in the extension 
portions are equal and opposite, tending to keep the 
armature centrally positioned relative to the poles. The 
length of the armature is greater than the diameter. 
Patent 2,949,515 assigned to Westinghouse Electric 
Corp., East Pittsburgh, Pa. by Gino J]. Marieni. 


Copies of patents briefed in this department may be 
obtained for 25 cents each from the Commissioner of 
Patents, Washington 25, D. C. 
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ANCHOR 
PLASTIC 
EXTRUSIONS 


to your 


y spe 
kK it) yy 
NEW! ry Z CO WG 


=PLASTI-BRASS®, PLASTI-K KROME®= 


— bri ht metal-like moldings s—— 


SHAPES, Roos, TUBES, FABRICATED PLASTIC € EXTRUSIONS 
® No die charge on plain rods or tubes. Others 

usually $65.00—$200.00. 
@ 19 years precision custom work experience exclusively. 
® 40,000 sq. ft. plant, own tool room & fabricating dept. 
® Cutting service, drilling, punching & forming. 
© Let us quote on your requirements. Ask for Brochure. 


ka ANCHOR PLASTICS 


Company, Inc. 
panes 30-36 36th St., Long Island City 6, N.Y. 212 RA 9-1494 
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Shown above : are some . of the many 
Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8011 N. Monticello « Skokie, Illinois 
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MIDGETS for MAN-SIZED i 
air- ies Flow Control jobs * 


@ MINIATURE FLOW CONTROL — Operates on 1 Ib. differen- 
tial. Limited check one direction — full flow other. Recommended 


a le wee Air flow Ch ip pa rd 
Minimaties 


® MINIATURE NEEDLE VALVE 
Precise control of air-oil in either 
direction. Range 0-2000 psi. 

TRADE MARK 
7 


© ® MINIATURE QUICK 
CONNECT — Air flow rate 2.7 
CFM at 50 psi. Range 0-150 psi. 


® MINIATURE CHECK VALVE 

Poppet type, spring loaded. Full 

flow one direction only. Use in Write, NOW 
any position. Holds 0-2000 psi. Air = NEW 


LLETIN 
flow rate 3.5 CFM at 50 psi. No. 8-59 


Ciipperd INSTRUMENT ee “4 


7380 Colerain Rd., Cincinnati 39, O. * Phone: JAckson 1-4261 
“+ Manufacturers of Minicture Pneumatic Devices, R.F.Coils, Electronic Equipment 
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@ Metal or Plastic Caps or 
Plugs to protect threads, tubes, 
machined parts, reamers, 
cutters, tools. 


@ Protect against thread damage, 
dust, dirt, and moisture. 


@ For inside and outside 
application. 
All sizes. Immediate delivery. 


Clover closures are made in metal and tough 
plastic polyethylene. They are made in caps, 
plugs and special shapes to fit parts tightly, 
offering completely sealed protection during 
manufacture, shipping and storage. Backed by 
years of closure experience. Write for low 
prices and complete information. 


Send coupon today ! 


ee ad — Se ee ee 


1 Gentlemen: pra send samples and prices of 





closures in Polyethylene [] Aluminum [] 


METAL Caps to 
cover AN & SAE 
threads 


PLASTIC tapered 
caps and plugs 


METAL plugs for 
AN & SAE threads 


PLASTIC tube cap 
for AN & SAE parts 








City 
© CLOVER INDUSTRIES, INC. 
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596 Young Street 
Tonawanda, N.Y 

















MECHANICAL ENGINEERS 


Bausch & Lomb 


There are several openings for Sen- 
ior Design Engineers in the Product 
Design sections of our company. 


These openings are permanent po- 
sitions requiring the ability to take 
Mechanical Design responsibility 
from specifications to a saleable 
product. Products involved are me- 
chanical-electrical-optical in nature. 
A Mechanical Engineering Degree 
and at least 6 years of mechanical 
design experience is required. No 
optical or electrical background is 
necessary, but would be helpful in 
certain openings. 


These positions require board de- 
sign, coordination of customer re- 
quirements with Electrical and Op- 
tical Designers, supervision of detail 
draftsmen, assistance to shop dur- 
ing construction and assembly as 
well as testing and development 
work. 


Those who can qualify and are in- 
terested in real design responsi- 
bility are invited to submit a resume 
to: Mr. H. A. Frye, Professional Em- 
ployment. 


Bausch & Lomb 


INCORPORATED 
13 St. Paul Street 
Rochester 2, New York 





416-PAGE 


Pit MASTER 
CATALOG #21 


PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 


ible From STOCK 


GEARS * SHAFTS* COLLARS» CLUTCHES « 
BEARINGS» COUPLINGS «DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts & Components. 


sete, WIC pesicn corp. 
today. if subsidiary t BENRUS WATCH COMPANY, Inc. 


477 Atlantic Ave.) East Rockaway, L.I., N.Y 





Circle 538 on Page i9 














Circle 537 on Page 19 


HIGH-SPEED ADJUSTABLE 
CLOSURES 


Fit any size ening 


The patented adjustable action of Moeller’s Snap-Tite® 
and Turn-Tite® cam and lever type action closures makes 
it possible to design a low-cost stopper in virtually any 
size or shape. 

Made of cold-rolled or stainless steel and high-grade neo- 
prene, or other specified materials, these new closures 
offer many opportunities to cut costs in product design, 
labor, time and assembly. For additional information, 
write ... Industrial Division, Dept. 26. 


MOELLER MFG.CO., INC. 


2335 Durand Ave., Racine, Wis. 
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Advertising Index 





Ajusto 
Allegheny Ludium Steel Corporation 


Aluminum C 





American Cast Iron Pipe Co., Special 
Products Division 


American Chain & Cable Co., Inc., Automotive dae 


and Aircraft Division 


American Metal Climax, iInc., Climax 
Molybdenum Co. Division 


American Smelting and Refining Co., 
Federated Metals Division 


American Society For Metals 
American Welding & Mfg. Co., The 


Anaconda Metal Hose Division, The American 
Brass Co. 


Anchor Plastics Co., Inc 
Automatic Timing & Controls, Inc 


Automotive and Aircraft Division, American We 


Chain & Cable Co., Inc. 


AviSun Corporation 


Babcock & Wilcox Co., The, Tubular 
Products Division 


Barksdale Valves, Pressure Switch Division .. 
Bausch & Lomb, Inc. 


Bellows Co., The, Division of International 
Basic E y 





8 & K Instruments, Inc. 
Bodine Electric Co. 





Borg-Warner C 
Division 


Boston Gear Works 

Bundy Tubing Co. 

Bunting Brass and Bronze Co., The 
Burndy, Omaton Division 


Ch 
Division 


Chicago Lock Co. 


Climax Molybdenum Co., A Division of 
American Metal Climax, Inc. 








Clippard | t 

Clover Industries, Inc. 

Continental Rubber Works 

Copperweld Steel Co., Aristoloy Steel Division 11 
Copperweld Stee! Co., Ohio Seamless Tube 


Cramer Controls Corporation 


September 29, 1960 


De Laval Steam Turbine Co. 
Detroit Power Screwdriver Co. 


. |, de Nemours & Co., Inc. 
55, 56, 77, 78 


Eaton Manufacturing Co., Foundry Division .. 155 
Edwards Co., Inc. 
Emerson Electric 


Engis Equipment Co., Division of Engineering 
and Scientific Instrumentation 154 


Fafnir Bearing Co., The 

Fairbanks, Morse & Co., Electrical Division .. 
Fauitiess Caster Corporation 

Fawick Corporation, Fawick Airflex Division 89 


Federated Metals Division, American Smelting 
and Refining Co. 


Foundry Division, Eaton Manufacturing Co. 155 


Gardner-Denver Co. 


Gates Rubber Co., The 


General Aniline & Film Corporation, 
Division 





Gleason Works 


Goodrich Chemical, 8B. F., 
of The B. F. Goodrich Co 


Halex Corporation 
Hamilton, Alexander, 





Howard Industries, Inc. 
Howell Electric Motors Co. 
Hunt Valve Co., Division of IBEC 


industrial Tectonics, Inc., Ball Division 
P ional Basic E 


y 
Bellows-Valvair Divisions 





International Nickel Co., Inc., 
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MACHINE DESIGN is sent at no cost to man- 
agement, design and engineering personnel 
whose work involves design engineering of ra- 
chines, appliances, electrical and mechanical 
equipment, in U. S. and Canadian companies 
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backtalk—— 


—Fasteners Fellowship 


Looking happier than they have for some 
months, members of this trio are shown regard- 
ing some of the last pieces of copy they prepared 
for The Fasteners Book. From leit to right 


are John Hostak, Sam Barnes, and Leo Spector, 
who has been “Mr. Fastener” at MacHINE 
Desicn for several years. 

It’s ironical that problems should occur in 
putting together a manual devoted to fastening 
devices, but this pioneering handbook team had 
its share of mechanical mishaps. There was 
the day when 460 tiny engravings for the direc- 
tory section arrived and the composing room 
sent an S.O.S. to Leo to help a couple of squint- 
ing make-up men figure out which went where. 
Better yet was the evening the three editors 
worked quite late to paste up some dummy 
pages, which they dispatched to the page com- 
posers via our pneumatic tube system. Unfor- 
tunately, the air compressor is turned off at 
8:00 p.m., and the tubes stopped overnight be- 
tween the sixth and second floors, clogging the 
system until the middie of the next morning. 
Finally, the Penton Press gremlin parked his 
hammer on one of the presses just before the 
start of a run. 

Through all this (and more), our intrepid 
heroes managed to keep most of their heads. 
They and their many good helpers have pro- 
duced what we all feel is a most useful and 
handsome handbook. 


—Ajiring an Error 


The September 1 Engineering News article, 
“Human-Factors Design on the Bridge,” had 
to do with present-day design of ships’ bridges, 
including the increasing use of automated sys- 
tems. One such system, discussed in the article, 


controls the propeller’s pitch and speed through 
movement of a lever on the bridge. Our cap- 
tion for the photograph of the control panel 
began, “Electrical controls, which are replacing 
cables and cranks in many instances .. .” 

This is not entirely accurate, points out Mr. 
R. K. Pealstrom, who is manager of advertising 
and sales promotion for the Industrial Products 
Div. of Westinghouse Air Brake Co. It is a valve 
(Westinghouse 2A-2A Controlair air-pressure 
control valve) which actually does the job. Mr. 
Pealstrom says that, besides controlling pitch 
and speed of the propeller shaft, the valve and 
its associated devices provide an automatic sys- 
tem to limit engine loading to a predetermined 
pattern and to prevent engine overloading. 

We are running up our white flag, Mr. 
Pealstrom; we regret the error; and we agree 
with you that Macuine Desicn readers should 
be advised of the rightful place of pneumatic 
control in marine design. 


—fCome, Josephine 


In the August issue of AiReporter, house organ 
of the Garrett Corp., the following how-to-do-it 
on flying was reprinted. This is “reported to be” 
an actual excerpt from operating instructions for 
a 1911 Glenn Curtiss aircraft. 

1. The aeronaut should seat himself in the apparatus 
and secure himself firmly to the chair by means of 
the strap provided. On the attendant crying “contact,” 
the aeronaut should close the switch which supplies 
the electric current to the motor, thus enabling the 
attendant to set the same in motion. 
2. Opening the control vaive of the motor, the 
aeronaut should at the same time firmly grasp the 
vertical stick or control pole which is to be found 
directly before the chair. . . . The power from 
the motor will cause the device to roll gently for- 
ward, and the aeronaut should govern its direction 
of motion by use of the rudder bars. 
3. When the mechanism is facing into the wind, 
the aeronaut should open the control valve of the 
motor to its fullest extent, at the same time pulling 
the control pole toward his middle anatomy. 
4. When sufficient speed has been attained, the de- 
vice will leave the ground and assume the position 
of aeronautical ascent. 
5. Should the aeronaut decide to return to terra 
firma, he should close the control valve of the mo- 
tor. This will cause the apparatus to assume what 
is known as the “gliding position,” except in the cases 
of those flying machines which are inherently un- 
stable. These latter will assume the position known 
as “involuntary spin” and will return to earth with- 
out further action on the part of the aeronaut. 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
© Utilizing the Slide Rule 
© Construction Aids 

© Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 























CRAMER TYPE 691 PRECISION TIME TOTALIZER 


This is a ballistic missile control panel, somewhere in 
England. You may have seen it in a recent issue of either 
of two leading weekly news magazines . . . and read about 
two keyslots: “War-Peace”, to permit activation of the 
atomic warhead, and “Launch Sequence”, to initiate the 
intricately synchronized steps that lead to lift-off. 


Once that sequence is started, each of the five phases of 
the 15-minute countdown is completely automatic, pre- 
cisely indicated by a Cramer Type 691 Time Totalizer. 
Human hands begin the cycle, and may stop it before the 
fateful last minute. But no hands are deft enough to 
guide it through its complex dance. 


Here, as in many less dramatic instances, the key to 
confidence is a Cramer timing device. 


ELECTROMECHANICAL DIVISION 


Circle 540 on Page 19 


Time Ranges: 60 seconds or 60 minutes. Outer scale 
reads either seconds, .01 second, or .01 minute inter- 
vals. 

Motor Ratings: all standard voltages at 50, 60 or 400 
cps, and 28v DC chronometrically governed. 

Accuracy: within .01 second or .005 minute. 

Reset: in 1/10 second, by dial pushbutton or remote 
control. 

Load Switches: Optional. SPDT, rated 5 amps at 115 

and 230 volts, AC or 2 amps at 28 volts DC. 

Cams: Optional, to operate load switches. Cut to user 
requirements. 

MIL-Specs: Hermetically sealed military units meet vibra- 
tion, shock and environmental tests of MIL-E-5272B. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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at local Distributors 


To meet space-age demands for greater 
accuracy and miniaturization, your BosTON 
Gear Distributor now has fine-pitch 20° P.A. 
PRECISION Spur Gears IN STOCK. Standard 
sizes range from 48 to 120 D.P. — 10 to 40 
teeth in stainless steel, and 42 to 180 teeth 
in aluminum. 

Each Precision Gear is certified by Boston 
Gear to be AGMA Precision Class 1 or 
better. All materials and finishes conform to 


CALL YOUR 
NEARBY 


Federal and Military specifications. 

Precision Gears are individually packaged 
in plastic containers and are delivered to you 
factory-sealed for your protection. 

Be cost-wise . . . standardize on BOSTON 
Gear Precision Gears . . . for certified quality 

. for nearby supplies IN STOCK. Call your 
Distributor for New Catalog PG 160 and 
complete information. Boston Gear Works, 
64 Hayward St., Quincy 71, Massachusetts. 


Advt. copyright by Boston Gear Works 


ff ees fee at oad a | ¢ 


US i UN 
DISTRIBUTOR 4° ous 


™ STANDARO/IZATION PAYS = 


Circle 402 on Page 19 


Get the NEW 
PRECISION GEAR 
Catalog PG 160 





Three new, low-cost TIMKEN’ bearings 
open new design opportunities 


ITH three new small size 
Timken® bearings, machine 
designers can now get the advan- 
tages of tapered roller bearings 
where they couldn’t be used before. 
These new, smaller bearings pack 
high capacity in less space, and 
they’re lower in cost. They permit 
more compact designs by keeping 
related parts smaller—provide ad- 
ditional savings in hub materials, 
seals, nuts and dust caps. 
Diagram above at left shows two 


of them in a typical layout of a - 


front wheel hub for the Automotive 
Industry’s new compact cars. They’re 





.046”R 


LM 11749—LM 11710 
Wt. .181 Ib, 


Wheel hub showing 
typical application 
of two new 

Fimken bearings. 


the most economical single-row 
Timken bearings ever produced in 
bore sizes of 1%", 1” and 1%". 
Diagram above at right shows prin- 
cipal dimensions and weights. 

Like all Timken bearings, these 
new Timken tapered roller bear- 
ings are geometrically designed and 
precision-made to roll true. Their 
taper lets them take both radial and 
thrust loads in any combination. 
And full-line contact between roll- 
ers and races provides extra load- 
carrying capacity. 

Our Sales Engineers will gladly 
give you complete data, help you 
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e545” 420° 


H+ .420” 046"R 
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L44649—L 44610 
Wt. .256 Ib. 


ALSO 144643 
SAME AS ABOVE 
EXCEPT WITH 1’ BORE 


Wt. .276 Ib. 


design the new bearings into your 
machines. Timken bearings make 
any machine better. When you buy 
Timken bearings you get... 1) Quality 
you can take for granted. 2) Service 
you can’t get anywhere else. 3) The 
best-known name in bearings. 4) The 
pace setter in lower bearing costs. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel 
and Removable Rock Bits. Cana- 
dian Division: Canadian Timken, 
St. Thomas, Ontario. 


Industry rolls on 


TIMKEN 


Circle 403 on Page 19 


tapered roller bearings 

















